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RECORD OF ISSUE/REVISIONS 

DESCRIPTION 
Provides an index to the Supplemental Guidance and will 
be updated as supplements are added/changed 

Reflect removal of 94-013, Beryllium Guidance 

Reflect revision of 94-013, Beryl1 ium Guidance; addition 
of 94-014, Speciation of Total Chromium in Surface Soil; 
addition of 94-015, Soil Ingestion Rates for the RME and , 

CT Farmer; and 94-016, Significant Figures Guidance for 
Risk Cal cul ati ons. 

.- . . 
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Ecological Risks for 
Operable Units 1 through 4 

Guidel.ines for Determining 
Contaminants of  Potential 
Concern 

Ingestion of Homegrown 
Fruits and Vegetables 

No. 

RASOP: 
94- 1 

Mahagement Project 
Supplements Section 5.1.5 (page 5-20) by 
providing guidance on how ecological risk 
will be addressed by Operable Units 1 
through 4 

Primari 1 y supplements Section 4.0, 
specifically Section 4.2 (page 4-2), by 
providing requirements for determining 
contaminants of potential concern and 
adding a screening procedure for 
contaminants o f  concern 
Supplements Section 7.2.1.4 (page 7-9) by 
describing the rationale for quantity 
ingestion of fruits and vegetables 

94-001 

94-002 

94-003 

94-004 

94-005 

94-006 

94-007 

94-008 

94-009 

Performing QA/QC Checks on 
Ri sk Assessment Cal cul ati ons 

Popul at i on Di stri but i on 

Use of Data with MDS/SQL and 
CRDL/CRQL 

Exposure Scenarios, 
Receptors, and Input 
Parameters 
Central Tendency Analysis 

~~ ~ 

Receptor Guidance 

~~ 

PRG/PRL Development 

Expl anati on 

Provides guidelines for performing 
Quality Assurance/Quality Control checks 
on risk assessment calculations fo r  
Remedial Investigation/Feasibility Study 
reDorts at the Fernald Environmental 
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T i t l e :  Ifidox t,c! Supplementa l  Guidance 

Effective Date: August 19, 1994 

No. 
94-010 

94-01 1 

94-012 

94-013 

94-014 

94-015 

94-016 

Title 
Children’s Inhalation Rates 

Dermal Slope Factors for 
PAHs (or other COCs) 

Human Surface Area Dermal 
Contact with Soils 

Beryl 1 i um Guidance 

~~ 

Speciation of Total Chromium 
in Surface Soil 

Soil Ingestion Rates for the 
RME and CT Farmer 

Significant Figures Guidance 
for Risk Calculations 

Expl anat i on 
Supplements Section 7.2.2.1 (page 7-16) 
by providing a calculated value for the 
child’s inhalation rate 
Supplements Section 8.2 (page 8-2) by 
providing guidance to seek out dermal 
factors when information is unavailable 
in IRIS, HEAST, or ECAO documentation 
Supplements Section 7.2.2.1 (page 7-16) 
by providing the physiological parameter 
to be used for the human body surface 
area during cal ul at i on of dermal exposure 
Provides the guidance for calculating 
PRGs and performing dermal risk 
assessment for beryl1 ium based on 
negotiations with the U.S. Environmental 
Protection Aaencv. 
Provides guidance for establishing the 
speciation of chromium in surface soils 
at the Fernald Environmental Management 
Project (FEMP) . 
Text and documentation to be used for the 
soil ingestion rates for the RME and CT 
farmer . 
Defines the required number of 
significant figures agreed upon by the 
U.S. Department of Energy (DOE) and the 
U.S. Environmental Protection Agency 
(EPA) for presenting risk calculations in 
remedial investigation/feasibility study 
(RI/FS) and CRARE reports submitted to 
the requlatory aqencies. 
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1.0 OBJECTIVE 
Eco loa ica l  r i s k  assessment must be considered as D a r t  o f  t h e  Remedial I n v e s t i s a t i o n  
(R I ) /?eas i  b i l  i t y  Study (FS) process pursuant  t o  Comprehensive Envi ronmenta l  Response, 
Compensation, and L i a b i l i t y  Ac t  (CERCLA) guidance. The F e r n a l d  Envi ronmenta l  
Management P r o j e c t  (FEMP) has been d i v i d e d  i n t o  f i v e  ope rab le  u n i t s .  The RI/FS p rocess  
w i l l  be conducted f o r  each o f  t h e  f i v e  ope rab le  u n i t s .  Operable U n i t  5 has t h e  
r e s p o n s i b i l i t y  t o  remed ia te  t h e  f l o r a ,  fauna, s u r f a c e  w a t e r  and t h e  m a j o r i t y  o f  s o i l  
a t  t h e  FEMP. The re fo re ,  i t  was n e g o t i a t e d  between t h e  U.S. Department o f  Energy (DOE) 
and t h e  U.S. Env i ronmenta l  P r o t e c t i o n  Agency (EPA) t h a t  t h e  Operable U n i t  5 R I  would 
cons ide r  s i t e - w i d e  e c o l o g i c a l  r i s k  i n  t h e  b a s e l i n e  r i s k  assessment. T h i s  i s  documented 
i n  t h e  Amended Consent Agreement between t h e  DOE and EPA (September 1991).  Any areas 
t h a t  were i d e n t i f i e d  as pos ing  a p o t e n t i a l l y  s i g n i f i c a n t  e c o l o g i c a l  r i s k  i n  t h e  
Operable U n i t  5 R I  w i l l  be eva lua ted  i n  t h e  Operable U n i t  5 FS. 

The o v e r a l l  s t r a t e g y  f o r  address ing e c o l o g i c a l  r i s k  i s s u e s  i n  t h e  Operable U n i t  5 
b a s e l i n e  r i s k  assessment has been fo rmu la ted  and d i scussed  w i t h  t h e  EPA's B i o l o g i c a l  
Technical  A s s i s t a n c e  Group (BTAG) i n  a meet ing on February 17, 1993. It was de te rm ined  
t h a t  one o f  t h e  p r i m a r y  purposes o f  t h e  e c o l o g i c a l  r i s k  assessment i s  t o  i d e n t i f y  areas 
t h a t  may need t o  be remediated f rom an e c o l o g i c a l  s t a n d p o i n t  t h a t  would n o t  be 
remediated f r o m  a human h e a l t h  s tandpo in t .  The s t r a t e g y  developed by Operable U n i t  5 
screens o u t  areas o f  Operable U n i t s  1 th rough  4 which would be remediated f r o m  
c o n s i d e r a t i o n  i n  t h e  e c o l o g i c a l  r i s k  assessment based on t h e  assumptions t h a t  1) 
Operable U n i t s  1 th rough  4 w i l l  be f u l l y  remediated t o  human h e a l t h  s tandards and 2)  
minimal h a b i t a t  e x i s t s  i n  Operable U n i t s  1 th rough  4. 

2 .0  SUPPLEMENTAL GUIDANCE 
For t h e i r  R I  r e p o r t s ,  Operable U n i t s  1 t h r o u g h  4 w i l l  n o t e  t h a t  t h e  S i t e - w i d e  
Eco log ica l  R i s k  Assessment i s  be ing  prepared by Operable U n i t  5 a c c o r d i n g  t o  CERCLA 
guidance and t h e  unders tand ing  reached w i t h  t h e  EPA Region V/BTAG r e p r e s e n t a t i v e  a t  t h e  
February 17, 1993 mee t ing  and f o r m a l i z e d  w i t h  t h e i r  acceptance o f  t h e  FEMP S i t e  
S t r a t e g y  f o r  Assess ing E c o l o g i c a l  Risks;  t h a t  i s ,  Operable U n i t s  1 th rough  4 w i l l  n o t  
c o n t a i n  a b a s e l i n e  e c o l o g i c a l  r i s k  assessment i n  t h e i r  R I  r e p o r t s .  The b a s e l i n e  
e c o l o g i c a l  r i s k  d a t a  f rom t h e  Site-Wide C h a r a c t e r i z a t i o n  Report  w i l l  be r e f e r e n c e d .  
Operable U n i t  5 w i l l  p repare,  as p a r t  of i t s  R I  r e p o r t ,  a S i te -w ide  E c o l o g i c a l  R i s k  
Assessment which w i l l  e v a l u a t e  p o t e n t i a l  r i s k s  f r o m  c u r r e n t  c o n c e n t r a t i o n s  of s i t e  
contaminants t o  e c o l o g i c a l  r e c e p t o r s  i n h a b i t i n g  o n - s i t e  and o f f - s i t e  areas n o t  
p r e s e n t l y  t a r g e t e d  f o r  r e m e d i a t i o n  based upon human h e a l t h  concerns. T h i s  approach 
w i l l  f u l f i l l  t h e  requ i remen ts  o f  t h e  Amended Consent Agreement and CERCLA p e r t a i n i n g  
t o  t h e  c o m p l e t i o n  o f  t h e  S i te -w ide  E c o l o g i c a l  R i s k  Assessment. 

. 

For t h e i r  FS r e p o r t s ,  Operable U n i t s  1 th rough  4 w i l l  d e r i v e  and t a b u l a t e  p r e l i m i n a r y  
remed ia t i on  g o a l s  based upon r i s k ,  a p p l i c a b l e  o r  r e l e v a n t  and a p p r o p r i a t e  requ i remen ts ,  
and heal th-based o r  o t h e r  t e c h n i c a l  c o n s i d e r a t i o n s .  One o f  t h e  t e c h n i c a l  
c o n s i d e r a t i o n s  i n  p r e l i m i n a r y  remed ia t i on  goa l  (PRG) development f o r  t h e  r e s p e c t i v e  
operable u n i t ' s  contaminants  o f  concern w i l l  be t h e  benchmark c r i t e r i a  developed f o r  
t h e  sc reen ing  document and t h e  S i te -w ide  E c o l o g i c a l  R i s k  Assessment. The t a b u l a t i o n  
o f  PRGs w i l l  be c a r r i e d  th rough  t h e  FS t o  t h e  d e t a i l e d  a n a l y s i s  o f  a l t e r n a t i v e s .  As 
p a r t  of t h e  d e t a i l e d  a n a l y s i s ,  a q u a l i t i t a t i v e  e v a l u a t i o n  w i l l  be p resen ted  o f  t h e  
p o t e n t i a l  e c o l o g i c a l  r i s k  f o r  each a l t e r n a t i v e  t h a t  l e a v e s  r e s i d u a l  contaminant  l e v e l s  
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i n  p l a c e  t h a t  exceed benchmark c r i t e r i a .  I n  a d d i t i o n ,  a d i s c u s s i o n  o f  e c o l o g i c a l  r i s k  
assessment w i l l  be i n c o r p o r a t e d  i n t o  t h e  c u m u l a t i v e  impact a n a l y s i s .  

3.0 SUPPORTING INFORMATION 
L i m i t i n g  t h e  scope o f  t h e  e c o l o g i c a l  r i s k . a s s e s s m e n t  t o  t h e  area of Operable U n i t  5 
r a i s e s  s e v e r a l  q u e s t i o n s  aand f u r t h e r  j u s t i f i e s  t h e  need t o  e v a l u a t e  e c o l o g i c a l  r i s k s  
q u a l i t a t i v e l y  f o r  Operable U n i t s  1 t h r u  4. F i r s t . ,  s ta tements i n  RI/FS documents f o r  
Operable U n i t s  1 t h r o u g h  4 t h a t  d e f e r  e v a l u a t i o n  o f  ope rab le  u n i t - s p e c i f i c  e c o l o g i c a l  
r i s k s  t o  t h e  Operable U n i t  5 R I  a r e  i n a p p r o p r i a t e  because b a s e l i n e  e c o l o g i c a l  r i s k  
assessments f o r  Operable U n i t s  I t h rough  4 w i l l  n o t  be conducted by  Operable U n i t  5. 
Second, o n l y  t h o s e  contaminants  p r e s e n t  i n  d e t e c t a b l e  q u a n t i t i e s  i n  t h e  p h y s i c a l  area 
o f  Operable U n i t  5 and reco rded  i n  t h e  R I / F S  database w i l l  be e v a l u a t e d  i n  t h e  S i t e -  
wide E c o l o g i c a l  R i s k  Assessment. I t  i s  p o s s i b l e  t h a t  some contaminants  n o t  p r e s e n t  i n  
Operable U n i t  5 i n  d e t e c t a b l e  c o n c e n t r a t i o n s  w i l l  be found i n  d e t e c t a b l e  c o n c e n t r a t i o n s  
i n  Operable U n i t s  1 th rough  4 .  T h i r d ,  because o n l y  contaminants cons ide red  t o  pose 
r i s k s  t o  human h e a l t h  w i l l  be eva lua ted  i n  Operable U n i t s  1 th rough  4 ,  i t  i s  p o s s i b l e  
t h a t  o t h e r  con taminan ts  may be p r e s e n t  t h a t  r e p r e s e n t  r i s k s  t o  e c o l o g i c a l  r e c e p t o r s  b u t  
n o t  t o  humans. W i t h o u t  an operab le  u n i t - s p e c i f i c  e c o l o g i c a l  b a s e l i n e  r i s k  assessment, 
t hese  con taminan ts  would n o t  be i d e n t i f i e d .  

The FEMP expec ts  t h a t  r e d u c i n g  contaminant  l e v e l s  i n  Operable U n i t s  1 th rough  4 t o  
c o n c e n t r a t i o n s  l o w  enough t o  p r o t e c t  human h e a l t h  w i l l  p r o t e c t  e c o l o g i c a l  r e c e p t o r s  
w e l l .  Any con taminan ts  i d e n t i f i e d  i n  Operable U n i t s  1 through 4 t h a t  may impa 
e c o l o g i c a l  r e c e p t o r s  and which were n o t  e v a l u a t e d  i n  t h e  sc reen ing  document w i l l  b 
e v a l u a t e d  by d e v e l o p i n g  a p p r o p r i a t e  c r i t e r i a  i n  a manner c o n s i s t e n t  w i t h  t h e  methods 
used t o  e s t a b l i s h  benchmark c r i t e r i a  i n  t h e  s c r e e n i n g  document. The FEMP understands 
t h a t  t h i s  approach i s  c o n t i n g e n t  upon EPA's acceptance o f  t h e  'Screening Level  
E c o l o g i c a l  R i s k  Assessment, which was s u b m i t t e d  i n  August 1993. 

m 
The Comprehensive Response A c t i o n  R i s k  E v a l u a t i o n  (CRARE) r e p o r t s  w i l l  examine o n l y  
p o t e n t i a l  c u m u l a t i v e  human h e a l t h  r i s k s  f o r  t h e  operab le  u n i t s  and w i l l  n o t  focus on 
r i s k s  t o  e c o l o g i c a l  r e c e p t o r s .  

When imp lemen t ing  t h i s  s t r a t e g y ,  t h e  e v a l u a t i o n  o f  e c o l o g i c a l  r i s k s  shou ld  be k e p t  i n  
p e r s p e c t i v e  because o f  t h e  s u b s t a n t i a l  remed ia l  a c t i v i t i e s  p lanned a t  t h e  FEMP t o  
p r o t e c t  human h e a l t h .  The areas o f  Operable U n i t s  1 th rough  4 w i l l  be e x t e n s i v e l y  
remed ia ted  based on s t r i n g e n t  human h e a l t h  c r i t e r i a ,  w h i l e  Operable U n i t  5 w i l l  be 
c o m p l e t i n g  t h e  S i t e - w i d e  E c o l o g i c a l  R i s k  Assessment t o  e v a l u a t e  r i s k  t o  e c o l o g i c a l  
r e c e p t o r s  i n  t h e  r e m a i n i n g  areas o f  t h e  FEMP (no te :  more than  80 p e r c e n t  o f  t h e  FEMP 
i s  i n  Operable Un i t  5 ) .  Furthermore, d e t a i l e d  s i t e  surveys have n o t  shown obvious 
s t r e s s  t o  e c o l o g i c a l  r e c e p t o r s .  As a consequence, q u a l i t a t i v e  d i s c u s s i o n s  on 
e c o l o g i c a l  r i s k  s h o u l d  more than  s u f f i c e  f o r  t h e  FS r e p o r t s  f o r  Operable U n i t s  1 
t h r o u g h  4 .  

4.0 REFERENCES 
S a r i c ,  J.A. ,  U.S. Envi ronmenta l  P r o t e c t i o n  Agency, October 1993, l e t t e r  t o  J.R. Cra ig ,  
U n i t e d  S t a t e s  Department o f  Energy, F e r n a l d  Envi ronmenta l  Management P r o j e c t ,  Sub jec t :  
E c o l o g i c a l  R i s k  Assessment S t r a t e g y .  
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1.0 OBJECTIVE 
The following process was developed in consultation with U . S .  Environmental Protection 
Agency (EPA) and will be used to determine contaminants of potential concern for the 
FEMP, consistent with EPA direction. 

2.0 SUPPLEMENTAL GUIDANCE 
The following terms will be used in all risk assessments conducted at the FEMP: 

0 Constituents o f  Potential Concern (COPCs) - all constituents which are determined 
or assumed to be above background following statistical analysis of the data. 

Contaminants o f  Potential Concern (CPCs) - all contaminants which remain a 
concern after the toxicological pre-screening procedure has been applied to the 
COPCs. 

Contaminants o f  Concern (COCs) - all contaminants which remain a concern after 
fate and transport evaluation, exposure point calculations, risk calculations, 
and post screening evaluation has been done on CPCs ( i  .e., at the end of the 
baseline risk evaluation process). 

The process of determining COCs involves statistical screening, pre-screening, and 
post-screening procedures as defined below. 0 3.0 SUPPORTING INFORMATION 

3.1 Statistical Analysis Procedure for Determininq COPCs 
Statistical comparison of data collected on site (soils, sediment, sludge, surface 
water, perched groundwater and groundwater data down-gradient of the site) versus 
background data will be accompl i shed as foll ows: 

3.1.1 Determination of the proper statistical analytical procedure is dependent 
on the data sets being analyzed. The method of choosing the statistical analysis to 
determine COPCs is shown in Figure 1. 

3.1.1.1 t-Tests (ANOVA for multiple comparisons) on log-transformed data - If the 
data sets can be shown to be lognormally distributed (which is often the case with 
environmental analyte concentration data), the proportion of non-detects is not 
excessive and the log-variances are similar, the data will be log-transformed and t- 
Tests will be run to compare site data to background data. The accuracy of the results 
depends on the level of adherence to the assumptions of log-normality of the data. 
Probability plots and non-parametric tests such as the Kolmogorov-Smirnov test or the 
Shapiro-Wilk test (Shapiro-Francia test for data sets with n>50) will be used to assess 
the normality of the log-transformed data. Bartlett's test for equality of variances 
will be used to assess comparability of log-variances. 

For non-detects, the simple substitution method (1/2 SQL) will be used in the 
cal cul at i on. 

Procedures which will be used include: 

I'f the probability level of the t-Test (or the ANOVA) is statistically significant (at 
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approx ima te l y  t h e  95 p e r c e n t  conf idence l e v e l )  t h e n  we conclude t h a t  t h e r e  i s  
s u f f i c i e n t  ev idence t o  i n d i c a t e  t h a t  t h e  s i t e  c o n s t i t u e n t  c o n c e n t r a t i o n s  a r e  d i f f e r e n t  
f rom background; t h e r e f o r e ,  t h e  c o n s t i t u e n t  w i l l  be cons ide red  a CPC. 

3.1.1.2 t - T e s t s  (ANOVA f o r  mu1 t i p l e  comparisons) on unt ransformed d a t a  - Standard 
t - T e s t  (ANOVAs) procedures w i l l  be employed i f  t h e  d a t a  can n o t  be shown t o  be 
l o g n o r m a l l y  d i s t r i b u t e d  b u t  can be i d e n t i f i e d  as n o r m a l l y  d i s t r i b u t e d  and t h e  va r iances  
( s i t e  and background) a r e  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t l y  d i f f e r e n t  f rom each o t h e r .  
Est imates o r  e s t i m a t e s  u s i n g  s imp le  s u b s t i t u t i o n  w i l l  be used under t h e  same c o n d i t i o n s  
as above except  t h a t  t h e  d a t a  w i l l  n o t  be t rans fo rmed .  

3.1.1.3 Parameter e s t i m a t i o n  techniques based on o t h e r  d i s t r i b u t i o n  (e.g., We ibu l l ,  
F, exponen t ia l ,  e t c . )  may be used i f  t h e r e  i s  s t r o n g  s t a t i s t i c a l  and l i t e r a t u r e  
evidence t h a t  t hese  d i s t r i b u t i o n s  b e t t e r  d e s c r i b e  t h e  da ta .  A l though these  
d i s t r i b u t i o n s  a r e  n o t  t y p i c a l  f o r  environmental  da ta ,  sometimes r a d i o n u c l i d e  d a t a  
f o l l o w s  one o f  t hese  d i s t r i b u t i o n s .  

3.1.1.4 Non-parametr ic ANOVA ( K r u s k a l - W a l l i s  o r  Mann-Whitney U) - non-parametr ic 
procedures w i l l  be used i f  t h e  d a t a  a re  s i g n i f i c a n t l y  d i v e r g e n t  f rom t h e  normal o r  
lognormal d i s t r i b u t i o n s .  ( W i t h  these  non-parametr ic ANOVA procedures,  t h e  d a t a  va lues  
a re  rep laced  by t h e i r  r e l a t i v e  ranks.  A l though t h e r e  i s  some l o s s  o f  s t a t i s t i c a l  
power, t h i s  p r o t e c t s  a g a i n s t  d e v i a t i o n s  f rom n o r m a l i t y  which would make t h e  r e s u l t s  o f  
a t - T e s t  o r  p a r a m e t r i c  ANOVA i n v a l i d . )  The K r u s k a l - W a l l i s  i s  used w i t h  m u l t i - c a t e g o r y  
d a t a  (e.g. m u l t i p l e  groundwater w e l l s  w i t h  m u l t i p l e  rounds o f  da ta )  and t h e  Mann- 
Whitney U i s  used f o r  two-category data.  (The Mann-Whitney U t e s t  and t h e  Wi lcoxon 
Rank Sum a r e  d i r e c t l y  r e l a t e d  and a re  e q u i v a l e n t  f o r  a l l  p r a c t i c a l  purposes.)  

3.1.1.5 The d i s t r i b u t i o n  o f  t h e  d a t a  f rom smal l  d a t a  s e t s  can n o t  be adequate ly  
assessed. D i f f e r e n t  procedures need t o  be employed t o  de te rm ine  i f  t h e  c o n s t i t u e n t  
should be t r e a t e d  as a CPC. 

I f  t h e r e  a r e  fewer t h a n  f i v e  samples and t h e  c o n s t i t u e n t  was d e t e c t e d  a t  l e a s t  once, 
a comparison o f  t h e  maximu,m d e t e c t e d  va lue  t o  t h e  background 9 5 t h  p e r c e n t i l e  w i l l  be 
performed as i n  S e c t i o n  3.1.2. I n  cases where t h e  c o n s t i t u e n t  was n o t  de tec ted ,  
process knowledge and p r o f e s s i o n a l  judgment w i l l  be employed t o  determine i f  i t  i s  
probable t h a t  t h e  c o n s t i t u e n t  should be p resen t  even though i t  was n o t  de tec ted .  
Please see S e c t i o n  I 1  f o r  d i s c u s s i o n .  

I f  a c o n s t i t u e n t  was d e t e c t e d  fewer than  seven t i m e s  b u t  a t  l e a s t  f o u r  t imes,  t h e  CPC 
d e t e r m i n a t i o n  t e c h n i q u e  o u t l i n e d  i n  S e c t i o n  3.1.1.4 w i l l  be used. 

3,l. 1.6 Other  techn iques  - Where t h e r e  a re  g r e a t e r  t han  50 pe rcen t  non-detects,  
o t h e r  techniques must be employed t o  determine i f  a c o n s t i t u e n t  shou ld  be cons ide red  
a CPC. Wi th  h i g h  p r o p o r t i o n s  o f  non-detects,  t h e  p rocedure (s )  become s imp ly  a 
comparison o f  t h e  d i s t r i b u t i o n  o f  d e t e c t i o n  l i m i t s  NOT o f  t h e  d i s t r i b u t i o n s  o f  t h e  
c o n c e n t r a t i o n  data.  One non-parametr ic  procedure t h a t  can be used i s  t h e  Tes t  f o r  
Propor t ' ions.  T h i s  t e s t  compares t h e  p r o p o r t i o n  o f  non-detects  between two p o p u l a t i o n s .  
Thi  s procedure c a t e g o r i  zes a1 1 r e s u l t s  i n t o  two c a t e g o r i e s ,  d e t e c t  o r  non-detect  . 
Obviously,  t h i s  i s  a d r a s t i c  a n a l y t i c a l  technique.  But, i n  a h i g h  p r o p o r t i o n  o f  non- 
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detects, statistical procedures often yield practically meaningless results. Good 
scientific and statistical judgement should be used to judge the validity of any 
result. 

3.1.2 An additional statistical procedure that will be used to screen for CPCs 
is the comparison of individual data points to the 95th percentile (calculated based 
on the appropriate distribution) of the uncontaminated background data for each 
constituent not already identified as a CPC. This technique will be used to protect 
against "hot spots" being "averaged out". If any site constituent concentration 
exceeds the calculated 95th percentile, then this constituent i s  added to the CPC list. 
This procedure will be used only to include the CPC list constituents not identified 
previously. It will not be used to remove a constit'uent from the CPC list. 

3.1.3 Other data set comparison considerations: 

3.1.3.1 For meaningful results, the science of statistical analysis relies on the 
adherence to the assumptions of the statistical procedure being employed. Numbers can 
be run through almost any statistical procedure, but if the assumptions of the 
procedure are not met, the analysis results are meaningless. 

3.1.3.2 Parametric procedures should be used when possible. Parametric procedures, 
such as those based on the Guassian (normal) distribution, are more statistically 
powerful then non-parametric procedures since information about the distribution i s  
known beforehand. Most non-parametric procedures rely on ranks or counts of data and 
not the observed values as do parametric procedures. Usually, moderate deviations from 
Normal i ty can be to1 erated by most parametric procedures. 

3.1.3.3 
Signed Rank substitute ranks for observed values. This fact allows for "distribution- 
free" analysis, but the loss  of information reduces the reliability of the results. 
Generally, non-parametric procedures require 1 arger sample sizes than do parametric 
procedures to attain the same accuracy level. This should not preclude their use. 
However, non-parametric procedures yield more reliable results than do parametric 
procedures on data that violate the assumptions of normality. 

Non-parametric procedures such as Kruskal-Wallis, Mann-Whitney, or Wilcoxon . 

3.1.3.4 Interpretation of s'tatistical results can often be misleading to the non- 
statistician. The interpretation of a single statistical test (assuming all of the 
proper assumptions have been met) may be straightforward. However, there are many 
factors that make interpretation anything but trivial. Some major problems to 
statistical analysis and interpretation are:. 

a. High proportion of non-detects. 
b. Non-symmetrically disturbed data. 
c. Apparent bimodal (or polymodal) data - often indicating that the data were 

probably collected from different populations. 
d. Highly spatially correlated data (non-random distribution of data). 
e. Large differences in vari abil i ty between site and background data. 
f. Individually, statistical procedures may fail to detect significant 

differences, but a combined analysis of all constituents may yield highly 

, 
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s i g n i f i c a n t  r e s u l t s .  For example, t h e r e  a r e  t e n  p o t e n t i a l  CPCs. A l l  t e n  
p o t e n t i a l  CPCs demonstrate s i t e  mean c o n c e n t r a t i o n s  g r e a t e r ,  BUT n o t  
s i g n i f i c a n t l y  g r e a t e r  ( a t  t h e  95% l e v e l ) ,  than background. I f  t h e r e  were 
no d i f f e r e n c e s  between s i t e  and background, we would expect  about an even 
s p l i t  between which mean c o n c e n t r a t i o n  were h i g h e r  ( s i t e  o r  background). 
Assuming t h a t  t h e  p o p u l a t i o n s  o f  s i t e  and background were t h e  same (no 
contaminat ion) ,  t h e  chance o f  t h e  means o f  a l l  t e n  samples b e i n g  g r e a t e r  
than t h e  background means i s  approx imate ly  1 t o  1,000. C l e a r l y ,  t h e r e  i s  
evidence here t o  war ran t  a d d i t i o n a l  analyses. 

E f f e c t i v e  Date: March 31, 1994 
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I 3.2.1. Screening Procedure ( p o s t - s t a t i s t i c a l  a n a l y s i s ) .  

3.2.1.1. Class A/B carcinogens a r e  t o  be i n c l u d e d  as COC's u n l e s s  s p e c i f i c  
d i r e c t i o n s  apply  f o r  removal. For  o thers ,  e v a l u a t e  contaminant 
concent ra t ions ,  f requency o f  d e t e c t i o n ,  pers is tence,  and d i s t r i b u t i o n  
among media. 

3.2.1.2. I f  a contaminant i s  i d e n t i f i e d  i n  o n l y  one sample and i n  o n l y  one medium 
o r  i s  unva l ida ted ,  was n o t  found i n  o t h e r  media, o r  was n o t  i d e n t i f i e d  as 
a process source contaminant,  c o n s i d e r  removal. Removal s h a l l  n o t  t a k e  
p l a c e  w i t h o u t  an a d d i t i o n a l  t o x i c o l o g i c a l  rev iew.  

3.2.1.3 Remove those chemicals t h a t  a r e  known 1 abora tory  contaminants  and have 
c o n c e n t r a t i o n s  o f  l e s s  than t e n  t imes t h e  h i g h e s t  b l a n k  c o n c e n t r a t i o n  
(e.g., Acetone, 2-Butanone, Methy l -e thy l -ketone,  Methylene Ch lor ide ,  
P h t h a l a t e  Es ters ,  e t c . ) .  

I 3.2.1.4. E s s e n t i a l  m i c r o - n u t r i e n t s  whose c o n c e n t r a t i o n s  a r e  w i t h i n  10 p e r c e n t  above 
background and known t o  be non- tox ic  (e.g., Na, K, Mg, Ca, Fe, e t c . )  can 
be de le ted .  

I d e n t i f y  and remove c l  asses o f  chemical  compounds t h a t  a r e  non-speci f i c 
(e.g., t o t a l  o rgan ic  carbon (TOC), t o t a l  o r g a n i c  n i t r o g e n  (TON), 
c h l o r i n a t e d  hydrocarbons, e t c . ) .  

I d e n t i f y  compounds known t o  be d e r i v e d  from o f f - s i t e  sources (e.g., autos,  
o f f - s i t e  f a c t o r y  d ischarges,  e t c . ) .  Consider removal i f  no p o s s i b l e  
c o n t r i b u t i o n  t o  s i t e  r i s k  i s  i d e n t i f i e d .  Exp la in .  

3.2.1.5. 

3.2.1.6. 

3.2.1.7. I d e n t i f y  and remove compounds t h a t  a r e  u b i q u i t o u s  i n  n a t u r e  and cons idered 
t o  be non- tox ic  (e.g., A l ,  S i ,  C l ) .  Consider m u l t i p l e  media, pathways, and 
t a r g e t  organs o f  s imultaneous exposure. 

3.2.1.8. Compounds w i t h  low p o t e n t i a l  f o r  t o x i c i t y  ( g r e a t e r  than 5.0 gms/kg, body 
we igh t )  and whose c o n c e n t r a t i o n s  a r e  l e s s  than 1.0 ppm can be removed. 

3.2.1.9. As a secondary screen and t o  assure consis tency,  compare remain ing  a 
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contaminants and their concentrations and the chemicals that were removed 
with back-calculated risk-based concentration of screening from RAGS Part 
B .  

3.2.1.10. Review the list of chemicals removed and identify those whose toxic 
effects- may be exerted upon a common target organ. Examine toxicity, 
concentrations, and additivelsynergistic effects due to concomitant 
exposure. Consider structure-activity relationships or other chemical 
similarities. Discuss over/under estimation of risk due to grouping. 

3.2.1.11. For general guidance, use the philosophy that we must include the 
contaminants that provide risk to potential receptors. If removal is 
justified, describe the rationale and/or if professional judgement 
supports removal of contaminants. 

a 
Post Screeninq Procedure 
3.2.2.1 If quantitative as’sessment of a contaminant results in a 
cancer risk of less than lOE”, or has a hazard index (HI) of less than 
0.1, consider removal. 

3.2.2.2 Using the Concentration-Toxicity screen, calculate the 
chemical scores and relative risk. Identify those contaminants, on a 
percentage basis, in a particular medium that will most likely contribute 
the major risk for that scenario. 

a. Chemical contaminants whose relative contribution to the total risk from 
After removal a medium is less than 1 percent (RAGS) may be eliminated. 

however, you should: 

1. Re-examine the chemicals discarded. Is a particular target organ 
impacted by those chemicals? Consider possible additive or 
synergistic effects. 

If a particular target organ is affected by such chemicals, total 
the relative percentage contributions for each of the chemicals or 
congeners. If the total risk of all equals or exceeds 5 percent of 
the total risk, re-enter those chemicals and identify the reason for 
thei r i n concl usi on. 

2. 

3.2.2 
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1.0 OBJECTIVE 
T h i s  guidance i s  t h e  r a t i o n a l e  f o r  q u a n t i t y  i n g e s t i o n  o f  f r u i t s  and vegetables g i v e n  
by t h e  U . S .  Environmental  P r o t e c t i o n  Agency i n  t h e  Exposure F a c t o r s  Handbook, P a r t  I 1  
(March 1990). 

2.0 SUPPLEMENTAL GUIDANCE 
Using t h e  r a t i o n a l e  g i v e n  i n  t h e  Exposure Fac to rs  Handbook', P a r t  I 1  (EPA 1990), t h e r e  
w i l l  be two f r a c t i o n s  f a c t o r e d  i n t o  t h e  i n t a k e  equa t ion :  

- .40 
- .30 

0 F r a c t i o n  o f  Consumption Rate: 
f o r  vege tab les  
f o r  f r u i t s  

0 F r a c t  
- 

These f a c t o r s  w i l  

on o f  Time Homegrown Foods a re  Eaten: 
.50 o f  t i m e  ( o r  exposure f requency) 

be used f o r  a l l  f u t u r e  FEMP r i s k  assessments. 

3.0 SUPPORTING INFORMATION 
None. 

4 . 0  REFERENCES 
U. S .  Environmental  P r o t e c t i o n  Agency, March 1990, "Exposures F a c t o r  Handbook, P a r t  I I, I' 
U.S. EPA, Washington, DC, pgs. 1-9 and 1-10. 
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1.0 O B J E C T I V E  
The following population distribution information is taken from the Site-Wide 
Characterization Report (DOE 1993) and should be used in all FEMP risk assessments. 

2.0 SUPPLEMENTAL GUIDANCE 
0 For the 1990 residential population distribution for a five mile radius, use 

Figure 2-24 and 2-25, Volume 1, Part I, Section .2.0, page 2-81 and 2-82, 
respectively. 

0 For the daytime residential/business population distribution, use Figure 2-25 and 
Table 2-15, Volume 1, Part I, Section 2.0, pages 2-83 and 2-84, respectively. 

0 For the projected residential population distribution for the year 2010, use 
Figure C.l-2 and Table C.l-3, Volume 4, Appendix C, pages C-6 and C-7, 
respectively. 

3.0 SUPPORTING INFORMATION 
Attached is the population distribution information described in 2.0 above. 

4.0 REFERENCES 
U.S. Department of Energy, 1993, "Site-Wide Characterization Report, Remedial 
Investigation and Feasibility Study, Fernald Environmental Management Project," U.S. 
DOE, Fernald Field Office, Fernald, OH. 
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1.0 OBJECTIVE , 

New guide1 ines from the Fernald Environmental Management Project (FEMP) Val idation 
group have dictated a change in validation protocols. Previously, sample analytical 
results were reported at the contract required detection 1 imit (CRDLs) for radionuclide 
parameters and contract required quantitation limit (CRQLs) for chemical parameters. 

2.0 SUPPLEMENTAL GUIDANCE 
The difference between the minimum detectable activity (MDA)/sample quantitation limits 
(SQLs) and the CRDLs/CRQLs vary from no difference to up to an order of magnitude 
difference. The impact of combining data sets validated to MDA/SQLs and those 
validated to CRDLs/CRQLs will need to be assessed in cases where the action level is 
close to the MDA/SQLs. This is consistent with the Risk Assessment Work Plan Addendum, 
which states (see references below): 

"A value of the SQL will be sought for each non-detected result. If SQLs 
cannot be obtained for chemical [or radionuclide] analytical results, the 
CRQL [or CRDL] will be used as the value of the SQL [or MDA]. The 
uncertainty introduced by this assumption will be evaluated, since the 
CRQL [or CRDL] may overestimate or underestimate the SQL (EPA 1989a)." 

Therefore, when necessary, data sets which use a combination of MDA/SQLs and CRDL/CRQLs 
may be used in FEMP risk assessments; however, the potential impacts of using differing 
values for non-detects must be addressed in the uncertainties section of the risk 
assessment. 

3 . 0  SUPPORTING INFORMATION 
The new guidelines dictate that results will be validated to the MDA for radionuclide 
data and SQLs for chemical data. Also, the U.S. Environmental Protection .Agency, 
Region V ,  prefers that one half of the MDA/SQLs be used for non-detects in the 
statistical analysis. 

4.0 REFERENCES 
U . S .  Environmental Protection Agency, 1989, "Risk Assessment Guidance for Superfund: 
Human Health Evaluation Manual', -Part A, Interim Final , I '  EPA/540/1-89/002, EPA, Office 
of Emergency and Remedial Response, Washington, DC. 
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- DATE REV. NO 
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12/16/93 1 
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RECORD OF ISSUE/REVISIONS 

DESCRIPTION 
Provides receptors, exposure pathways, parameter values, 
and intake equations for all future FEMP risk 
assessments 

Change to rep1 ace recreational user with expanded 
trespasser, include a Great Miami River User receptor, 
use 95th percentile body surface areas, and break out 
exposures to soils and sediments. 

Change to reflect changes to input parameters which have 
occurred in response to U.S. Environmental Protection 
Agency (EPA) and Ohio EPA comments 

Change for submittal to U.S. Environmental Protection 
Agency 
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( 

1. o OBJECTIVE 
T h i s  gu idance r e f l e c t s  changes t o  i n p u t  parameters  w h i c h  have o c c u r r e d  i n  response  t o  
U.S. Env i ronmenta l  P r o t e c t i o n  Agency (EPA) and O h i o  EPA comments. 

2.0 
D u r i  
area 
t h e  

SUPPLEMENTAL GUIDANCE 
ng a Februa ry  24, 1994 m e e t i n g  w i t h  EPA, t h e  use  o f  9 5 t h  p e r c e n t i l e  body s u r f a c e  
,s i n  c o n j u n c t i o n  w i t h  average body w e i g h t s  were d i scussed .  It was conc luded  t h a t  
i n h a l a t i o n  r a t e s  b e i n g  used f o r  c h i l d r e n  (0 .5  m3 /h r )  and y o u t h  and a d u l t s  (0.83 

m3/hr)  a r e  r e a s o n a b l e  and w i l l  be used i n  f u t u r e  r e p o r t s .  It was a l s o  agreed t h a t  t h e  
m i x i n g  o f  a 9 5 t h  p e r c e n t i l e  body sur face  a r e a  w i t h  an average body w e i g h t  i s  
p h y s i o l o g i c a l l y  i n c o r r e c t .  EPA w i l l  con fer  w i t h  t h e  a u t h o r s  of  t h e  s k i n  s u r f a c e  a r e a  
parameters t o  r e s o l v e  t h i s  i s s u e .  U n t i l  f u r t h e r  gu idance  i s  r e c e i v e d  f r o m  EPA, t h e  
9 5 t h  p e r c e n t i  1 e v a l u e s  w i  11 be used. 

The expanded t r e s p a s s e r  w i l l  c o n t i n u e  t o  be addressed by  a l l  o p e r a b l e  u n i t s .  An a r r a y  
o f  trespassing/recreational exposure  scenar ios  w i l l  be deve loped  f o r  Operab le  U n i t  5 ,  
wh ich  w i l l  e v a l u a t e  b o t h  i n t r u s i v e  and n o n - i n t r u s i v e  use o f  t h e  FEMP p r o p e r t y .  C e r t a i n  
o f f - p r o p e r t y  r e c e p t o r s ,  s p e c i f i c  t o  t h e  area, w i l l  a l s o  be deve loped  f o r  Operab le  U n i t  
5. S p e c i f i c  exposure  f a c t o r s  f o r  t hese  r e c e p t o r s  w i l l  be deve loped  a t  a l a t e r  d a t e .  

I n f o r m a t i o n  p r o v i d e d  f r o m  Oh io  EPA and t h e  Oh io  Depar tment  of  N a t u r a l  Resources i n  
March 1994 i n d i c a t e s  t h a t  w a t e r  f r o m  t h e  Grea t  Miami R i v e r  i s  c u r r e n t l y  b e i n g  used f o r  
a g r i  c u l  t u r a l  pu rposes .  No a v a i  1 ab1 e i n f o r m a t i o n  i n d i  c a t e s  t h a t  Grea t  M i  ami R i v e r  w a t e r  
i s  b e i n g  used as a d r i n k i n g  w a t e r  source  o r  f o r  househo ld  use. However, p o t e n t i a l  
r i s k s  t o  t h e s e  pa thways  w i l l  be e v a l u a t e d .  I t  i s  e x t r e m e l y  u n l i k e l y  t h a t  a r e c e p t o r  
i s  exposed t o  Grea t  Miami R i v e r  w a t e r  t h r o u g h  a l l  pathways. There fore ,  f o r  a r e a l i s t i c  
e v a l u a t i o n  o f  r i s k  t o  t h e  Grea t  Miami R i v e r  u s e r ,  r i s k  summary t a b l e s  w i l l  p r e s e n t  
r i s k s  f rom r e c r e a t i o n a l  use o f  t h e  Great  Miami R i v e r  ( i . e . ,  swimming and f i s h i n g ) ,  
r i s k s  f rom a g r i c u l t u r a l  use o f  Grea t  M i a m i  R i v e r  w a t e r ,  and r i s k s  f r o m  househo ld  use  
o f  Great  Miami R i v e r  w a t e r .  

3 .0 SUPPORTING INFORMATION 
At tached  a r e  exposure  s c e n a r i o s  and exposure i n p u t  pa ramete r  t a b l e s .  The r e c e p t o r s ,  
exposure pathways, pa ramete r  va lues ,  and i n t a k e  e q u a t i o n s  l i s t e d  i n  t h e  t a b l e s  s h o u l d  
be used i n  f u t u r e  RI /FS documents. 

4 . 0  REFERENCES 
None. 



EXPOSURE SCENARIOS AND EXPOSURE INPUT PARAMETERS 

Parameters 

BW (kg) 

The r e c e p t o r s ,  exposure  pathways, parameter  v a l u e s  and i n t a k e  e q u a t i o n s  l i s t e d  below s h o u l d  be used i n  f u t u r e  R I / F S  documents. 

RME CT . On-prop. 
On-property On-property child 
farmer farmer 

70" 70" 15" 

\ 

Off-prop. 
Farmer 

70" 

Inhalation o f  Particulates (Chemical) 

C, x IR x ET x EF x ED 
B W x  AT 

Intake (mg/kg-day) = 

I ...................................... 
Off-prop. Visitor ' Grounds- Tres- @se;%ii@i.G.M$j .......................... On-prop. 
child keeper passing home 

Youth builder 

1 5" 70" 70" 43" NA 70" 

Inhalation of Radionuclides 

IR (m3/hr) 0.83" 0.83" 0.5" 0.83" 

5 7' 

0 5" 2.5' 2 5' 0.83' NA 2.5' 

2p 29 8' 4" NA 8.a" 

I csv 

350' 

I csv 

350' 250' ou * 5 T  NA 779 
specffic 

BW body weight 
IR inhalation rate 
ET exposure time a EF exposure frequency a ATn averaging time for mncarcinogens 

C ATC averaging time for carcinogens 
€3 c, concentration of ith contaminant in air 

4 
csc chemical specific value 

Apr i l  13, 1994 

709 " 

25550 

25550 

csv 

6" 25" 25" 129 NA 1" 

2190" 9125" 9125" 4380" NA 175' 

25550 25550 25550 25550 NA 25550" 

csv csv csv csv NA csv 

ATn (days) 

ATc (days) 

25550 3285" 2190" 

,25550" 25550" 25550 

assumes OU specific values: 35 dayslyr for OU 1,2,4; and 250 days/yr for OU 3.5 

1 



Inhalation of Indoor Concentrations of Radon 

Parameters 

BW (kg) 

RME On- CT On-prop. On-prop. Off-prop. Off-prop. 
Prop farmer child Farmer child 
farmer 

70" 70" 15" NA NA 

IR (m3/day) 

EF (days/yr) 

ED (YW 

CFi" (pCi/m3) 

Visitor 
Youth 

NA NA NA 

1 5h 15" 1 5h NA NA 

350' 279 350' NA NA 

70 9" 6" NA NA 

csv csv csv NA NA 

NA 

NA NA NA 

NA NA NA 

usgk;af 
............................................. ......................... On-property I home builder 

...... 

NA NA 
I 

Cnn Concentration of Radon Indoors 
NA Not Applicable 
csv Contaminant Specific Value 
IR Inhalation Rate 
EF Exposure Frequency 
ED Eposure Duration 
csv contanimant specific value 

April 13, 1994 2 



.BW (kg) 70" ' 70" 

CF chem 
(kg/mg) 

1 o.6 10-6 10.6 

Ingestion of soillsediments 

(chemicals) 

C, x CF x IR x FI x EF x ED 
BW x AT In take  (mg/kg-day)  = 

Intake @C/) = C, x CF x IR x FI x EF x ED 

(Radionuclides) 

r 

€3 a 
L. CF 

of f -  1 Off- 1 V i s i t o r  1 ~ Grounds- 
prop. prop. keeper 
Farmer child 

NA NA NA 70" 

On- 
prop. 
child 

15" 

1 .o' 
200h 

1 .o' NA NA NA 1 .o' 

EF (days/yr) I 350' I 275g 350' 
specific 

NA NA NA 9125" 

1 I 

ED (vrs) 709," I 9' 6" 1 25550 ATn (days) 

13285 ATc (days) 25550" 25550 

2190" 

25550" 25550" 

NA NA csv 

5 
s only (due to contact with the GMR) 
ts and soil. It is assumed that while the trespass ig youth is on site, helshe spends one hour playing in SUI ice w i  

3 Apri l  13, 1994 



IR 
FI 
c, 

RME 
On- 
Prop. 
farmer 

Ingestion of Drinking Water 

8 I) = C S J R ( d E E f E D E 0  
g-day) 

I /"taki.gJ/P BW x AT 

CT On- On- Off- Off-prop. Visitor 
prop. prop. prop. child 
farmer child Farmer 

Parameters 

70" 

2" 

ATn Idavs) 

70" 15" 70" 15" NA 

1.4" 1 .O' 2" 1 .O' NA 

. _ .  

NA 

NA 

NA 

NA 

NA 

NA 

NA 

~~ ~ ~ _ _ _  

NA rg 
zi& 
. . . . . . . .. .... NA 

NA 

NA gg 
NA BXyJ 

. F56,So . . . . . . . . . NA 

. . . . . . . 
NA E? 

350' 2 7 9  350' 350' 350' NA 

70g 9' 6" 70 6 NA 

25550 

25550 

Ingestion Rate 
Fraction Ingested from Source 
Concentration of ith Contaminant in Drinking Water 

Apr i l  13, 1994 
a 4 

I I 
Grounds- Trespassing 
keeper , Youth I On- 

property 
home 
builder 

NA 

NA 

NA 

NA 
~ 

NA 

NA 

NA 



Parameters RME CT On- On- Off- 

prop. farmer child Farmer 
farmer 

On- prop. prop. prop. 

. . . ......... . . . . . . . u*f$;cf 
iW@ 
............................. On-property 

home 
builder 

NA . 

NA 

NA 

NA 

ATc (days) 

K (L/m3) 

25550" 25550" 25550" 25550" 

.5' .5' .5k .5k 

cw (mg/L) csv csv csv csv NA NA 

Inhalation of Volatiles Released from Water by Showering and Household Uses (including radon) 

C , x I R x  K x  EFx ED 
BW x AT 

Intake(mdkg-dafi = 

Off-prop. 
child 

Visitor -1 Ground: 
keeper 

Trespassing 
Youth 

NA NA 15" 

IR (m3/day) I 15h 1 15'' 1 :: 1 
EF (days/yr) 350' 2759 350' 350' 

ED ( Y W  70' 

ATn (days) 25550 3285" 2190" 25550 

1 5h NA NA 

350' NA NA 

6" NA NA 

2190" NA I NA NA NA 
I 

N A  NA 25550" 

.5k NA NA 

NA NA csv 

c, Concentration of ith Contaminant 
K Volitization Factor of 0.0005 X 1000 L/m3 

April 13, 1994 5 



Dermal contact with soil 

RME 
On- 
Prop. 
farmer 

70" 

5750' 

C , x C F x S A x A F x A B S x  EFx ED 
BW x AT 

Absorbed dare (mglkg-dayj = 

CT On- On- Off- Off-prop. Visitor Grounds- Trespassing 
prop. prop. prop. child keeper Youth 
farmer child Farmer 

70" 15" NA NA NA 70" 43" 

5000' 2000' NA NA NA 5750' 4200' 

Parameters 

350' 

BW (ka) 

'o@gc;E 279 350' NA NA NA ............................ .......... 52" ................... 
segfic 

SA (cm') 

EF (events/yr) 

70g 

ATc (days) 

9" 6" NA NA NA 25" 

25550 

25550" 

3285 2190 NA NA NA 9125 4380 

25550 25550 NA NA NA 25550 25550 

csv 

1 csv 

csv csv NA NA NA csv csv 

csv csv NA NA NA csv csv 

1 0 8  

1 .o' 

1 o-6 1 o.@ NA NA NA 1 o-6 106 

0.21 1 .o NA NA NA 1 .o 1 .o 

cs 
AF skin adherence factor 
ABS absorption factor 
SA 

concentration of iIh contaminant in soil 

surface area of body exposed 

assumes 35 dayslyr for OUs 1.2, and 4; and 250 dayslyr for OUs 3 and 5 
**  The GMR recreational user will be evaluated for exposure to sediment, not soils 

April 13, 1994 6 



Dermal contact with sediment 

0 C , x C F x S A x A F x A B S x  E F x E D  
Absorbed dose (mglkg-day) = 

BW x AT 

I I I 

On- 
property 
home 
builder 

ou"ds - Trespassing ;*::*:::.p&g&*' ....... .................... ..... ................................. .................. 'GM#'i keeper Youth ............ ....... 

Parameters 

farmer 

BW (kg) 

SA (cm') 

CT On- 
prop. 
farmer 

NA 

NA 

On- Off- Off-prop. Visitor 
prop. Prop. child 
child Farmer 

NA NA NA NA NA 

NA NA NA NA NA 

EF (events/yr) NA NA 1. NA I NA I NA NA 

NA 

~ 

NA NA NA NA 

NA NA NA NA --t? ATn (days) 

N A  

NA NA 

ATc (days) & NA NA . NA NA NA NA 

NA NA NA NA NA NA 

K- NA NA NA NA 

NA NA NA NA 

NA csv wv NA 

NA lo6 IV NA 
~~ 

NA I 1.0 1 1.0 I i  
cs 
AF 
ABS 
SA 

concentration of i Ih  contaminant in soil 
skin adherence factor 
absorption factor 
surface area of body exposed 

* *  The GMR recreational user will be evaluated for exposure to sediment, not soils 

Apr i l  13, 1994 7 



Dermal contact with surface water while wading or swimming 

SA x DA, x EF x ED 
Absorbed dose (wkg-day) = 

B W x  AT 
0 

DA, can be calculated as follows: (see EPA 1992, Dermal Exposure Assessment: Principles and Applications, p. 5-51: 

IF ETW, tt~en: DA, (mg/an2-even3 = 2Kp x C,,, x CF 0 

IF E M ' ,  then: DA, (r&m2-evenr) = Kp x C, x CF 0 

where: K, = Permeability Coefficient (cmlhrl 
r = Lag time Ihr) 
1' = time (hr) 
B = partioning property of contaminant (unitless) 

get K,, r, t', and B from Table 5-8, in the 1992 Dermal Exposure Assessment: Principles and Applications 

h i a c e  Area txposed SA Ski 

csv chemical specific value 

0 
0 
0 
0 
@ 
@ 

April  13, 1994 8 



~ 

Incidental Ingestion of Surface Water while wading or swimming 

NA 

NA 

NA 

0 Intake = C, x IR x ET x EF x ED 

NA NA NA 0.035" 

NA NA NA 1 .Q." 

NA NA NA 52" 

C , x I R x E T x E F x E D  
Intake (mgdkg-dajj = 

BW x AT 

NA 

NA 

Parameters 

NA NA NA 129 

NA NA NA 4380 

ET (hrs/event) 

EF (event/yr) 

NA 

prop. 
farmer farmer child 

NA NA 

* 
NA 

NA 

NA NA 

NA . NA NA 25550 

NA I NA I NA 

C, 
IR Ingestion Rate 

Concentration of ith Contaminant in surface water. 

April 13, 1994 

Off-prop. I Off-prop. I Visitor I Grounds- I Tres- 
keeper I I I Farmer passing I Youth 

I 43" 

I NA I NA I NA 1 csv 

I I I I 

9 

On-prop. 
home 
builder 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

I 



e 

0 

I csv 

Direct Irradiation from soilslsediment 

~ 1.14E-4 

L E I  
@Ci-y&ll = C, x CF x EF x ED x (€Td (1 -SHJ + ET, (1 -SH)) 

farmer farmer 

~~ 

EF (day/yr) I 350' I 2758 

1.14E-4 

On- 

child 
prop. 

22p 

2p 

~ 

350' 

6" 

0.5" 

Farmer child 

NA I NA I NA 

NA NA csv 

NA NA 1.14E-4 

Grounds- User of GMR On-prop. 
keeper 1 i i ;rssing I 1 home 

builder 

NA - 1  NA T- 

25" 1 29 70 1" 

NA NA OS" 0.5" 
~ 

0 0 O/om 0" 
I 

csv csv c6V csv 
I 1 -  -I 

1.14E-4 I 1.14E-4 I 1.14E-4 I 1.14E-4 

ET, Exposure Time Indoors 
ET,, Exposure Time Outdoors 
SH, Shielding Factor Indoors 
SH, Shielding Factor Outdoors 
C. 
CF Conversion Factor 

Concentration of ith Contaminant in Soil 

+assumes 35 dayslyr for OUs 1.2. and 4; and 250 dayslyr for OUs 3 and 5. 

Note: the trespassing youth is irradiated from both soil and sediments. Therefore, calculations for both media should be performed and the 4 hr exposure time should be divided proportionately..,. .cp - 
to represent exposure to both lie 3 hrs for soil, 1 hr for sediment) 

10 



BW (kg) 

SA (ern') 

70" 70" 15" 70" 15" NA 

23.000' 20.000' 8000' 23.000' 8000' NA 

DA,"(event) 

CF (L/cm3) 

ET (hr/day) 

csv csv csv csv csv NA 

0.001 0.001 0.001 0.001 0.001 NA 

0.25' 0.ll 0.25' 0.25' 0.25' NA 

EF (days/yr)  

ED ( y rs )  

A T n  (days) 

350' 275' 350' 350' 350' NA 

70 9" 6" 70 6 NA 

25550 3285 2190 25550 2190 NA 

ATc (days) 25550" 25550 25550 25550 25550 NA 

Dermal Contact While Bathing 

DA, x SA x EF x ED 
B W x  AT 

Total Absorbed dose (ABJ (mkg-dafl  = (171 

0 4  can be calculated as follows (see Dermal Exposure Assessment: EPA 1992, Principles and Applications. p. 5-51: 

IF ET-t' ,  then: DA, (mg/an2-evenl) = 2Kp x C, x CF dI6 x3T1; 7 0 

119) IF E l W ,  then: DA, (rr@cm2-ewenl) = Kp x C, x CF 

where: 5 = Permeability Coefficient (an/hr) 
DA, = Dermally absorbed dose per event (mg/d-event) 
T = Lag time (hr) 
t* = t i m e  (hr) 
B = par t i t ion ing  property of constituent (w i t l ess )  

get K,,, T, t*, and B from Table 5-8, in  the 1992 Dermal Exposure Assessment: Principles and Applications 

Parameters 
I 

(In-prop. 
home 
bui lder 

urzers of Gm Trespassing :=- 1 Youth 
Vis i  t o r  

farmer farmer chi Id  

?O NA 

NA 

NA 

NA 

NA NA NA 

NA 

NA 

NA 

HA NA NA 

Sk in sur face area exposed ( t o t a l  body) 
Dose absorbed per event 

11 Apri l  13, 1994 



Ingestion of Homegrown Fruits and Vegetables I 

(20) C,x CFx IRx Fl,x EFx ED 
B W x  AT 

Intake (chemicals) (mkg-day) = 

Intake ( r a d i o n u c l i d e s )  ( p C i )  = Ci, x I R  x FI, x EF x El? (21) 

Parmeters 
. . . . . , . . . . . . . . . . .,.,. .....,......... ... . $ j $ + ~ $ $ f y , ~ i  Trespassing ,...... . ............... . . . ., ..,.. . . . . . . . . . Off- Off- Visitor G r a r d s -  

prop- prop- keeper Youth 
Farmer chi I d  

70" 15" NA NA NA PDi 
..... 

RME On- 
Prop 
farmer 

70" 

On-prop. 
home 
builder 

prop- 
farmer chi I d  

70" 15" NA BU (kg) 

I R  (a/dav) 122'.' 78' I 106'" 122' ' 106' NA NA NA 1 2 F  

0.5' 0.5' NA NA NA 0.5' 

NA 

NA 0.5' 0.5' I 0.5' 

EF (davs/vr)  350' 275' I 350' 350' I 350' I NA I 350 NA 

EO ( v r s )  70 9' I 6  NA 

NA 

NA 

NA 

NA 

3285 I 2190 
I 

25550 

25550" 

0.001 

csv 

A T n  (days) 

25550 I 25550 
I 

ATc (days) 

csv I csv 

CF Conversion Factors 
I R  I nges t i on  Rate- (F rac t i on  o f  In take from Source i s  Included) 
F I I  F rac t i on  o f  year ( t ime) tha t  homegrown produce are eaten 
C i v  Concentrat ion of irh Contaminant in  F r u i t s  and Vegetables 

April 13, 1994 12 



Ingestion of H& Produced Meats 

C,, x CF x IR x EF x ED 
BW x AT 

Intake (chemicals) (mg/kg-day) = 

Intake (radionuclides) (pCi) = C,, x IR x EF x ED 

I I 
Visitor 

chi Id 

Parmeters RME On- 

farmer 

CT On- Tres- 
passing 
Youth 

NA 

NA + 29',' 

NA 

NA 29"' 75'" 

NA 

NA 

NA 

NA 

2190 I NA NA NA 25550 

ATc (dam) 25550" 

3285 2190 25550 

25550 

25550 

csv NA 

25550 I NA NA NA 

0.001 I 0.001 I 0.001 NA NA CF (kg/g) 0.001 

e n t r a t i o n  of i" Contarnin; 

0.001 NA 

CSV I NA NA NA csv csv csv 

i t  in  meat product cc 
I g e s t i o n  Rate ( Includes F rac t i on  from Home Produced Meat) 
Conversion Factor 

April  13, 1994 



Paraneters 

BU (kg)  

I R  (L/day) 

EF  (davs/vr) 

C, x I R  x E F ' x  ED 
BW x AT 

Intake (chemicals)  (mg/kg-day) = 

Intake (Radionucl ides)  ( p C i )  = C, x IR x EF x ED 

RME On- CT On- On- Off- O f f -  
Prop prop- prop- prop- prop. 
farmer farmer chi ld Farmer child 

70" 70" 15" 70" 15" 

0.3' 0.16' 0.68',' 0.3' 0 -68"' 

350' 27Sg 350' 350' 350' 

( 2 4 )  

(25) 

ED (yrs) 

ATn (days) 

ATc (days) 

C,, (rng/L), 
(DC i / L )  

~~ ~~ 

70 9" 6" 70 6 

25550 3285 2190 25550 2190 

25550" 25550 25550 25550 25550 

csv CSV csv csv csv 

Visitor 

NA NA 

NA .I NA 

NA NA 
I 

NA I NA 

I NA 
NA 

c,, Concentration of i"' Contaminant i n  M i  Lk Products 
1R Ingestion Rate (includes fraction o f  milk products produced a t  home) 

Apri l  13, 1994 14 

................................. 
Tres- vsQbPjiiiiii~%iiiii:cndgiiii ................................. ................................ m-prop. 
passing home 
Youth builder 

NA & NA 

25540 

25550 

csv 



Ingestion of Fish 

Cii x CF x IR x EF x ED 
BW x AT 

Intake (chemicals )  (mg/kg-day) = 

(27) Intake (Radionuclides) ( p C i )  = Ci, x IR x EF x ED 

CF (kg/g)  NA NA NA NA NA NA NA NA 

C,, ( W k g )  NA NA NA NA NA NA NA NA 
(pc i /kg) 

conversion f a c t o r  

I R  I nges t i on  Rate 

,- 

April 13, 1994 15 



EXPANDED TRESPA~SER SCENARIO 

The f o l l o w i n g  a re  the exposure pathways, parameter values and in take  equations f o r  the expanded trespasser t o  be used in  fu tu re  R I / F S  documents. E 
adjusted o r  separate equations may be used f o r  the adu l t  and o lde r  ch i l d .  

BU body weight 

Inhalation of Particulates (Chemical) 

Age Adjusted In take v i a  i nha la t i on  ( I , )  (m3/kg-day) 

ET, x EF,, x ED, ET, x EF, x ED, x I R  
' A A  = ( BW,, X AToc ") + ( BW, x AT, 

(29) Intake (mg/kg-day) = C, x I M  

In take (pCi) = 

(30)  (ca x ET, x EF, x ED, x rq + (c, x ET,, x EF,, x ED,, IK)  

ED ( v rs )  ' 

A T n  (davs) 

ATc (davs l  

I R  i nha la t i on  r a t e  
ET exposure t ime 
EF exposure ,frequency 
A T n  averaging t ime f o r  noncarcinogens 
ATc averaging t ime for  carcinogens 
c a  concentrat ion o f  ith contaminant 

csv contaminant s p e c i f i c  value 

A p r i l  13, 1994 

n a i r  

16 

ther age- 



Ingestion of  Soil 
Age adjusted Intake via ingestion (IAA) (mg/kg-day) 

F I ,  x EF,,, x ED, x I R  FI, x EF, x ED, x I R  
IM = ( BW, x AT,,, ) + 1 SW, X AT, 

Intake (mg/kg-day) 

C,'x IM x CF 

€31 3 

Intake (pCi) 

C, x C q F I ,  x EF, x ED, x IR, + (FIoc x EF,, X ED,, IR, €33, 

C, x CF x IR,, x FI,, x EF,, x ED 
I =  04, 

BWO, x AT,, 

................................... yadi :&uclfi,i:&egrii; 

I = C, x CF x IR,, x FI,, x EF,, x ED,, 
................................................................ ................................ 

Expanded trespasserr - Older child 

CF conversion factors for radionuclides and chemicals 
ye are assuning that only the older child w a d e s  in  Paddys Rm 

c.2 a 
€3 
c2 u u 

April 13, 1994 17 
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4380 

25550 

csv 
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cs 
AF 
ABS 
SA 

0 a 
€3 
€2 
ba$ 
tQ 

D e m l  Contact with s o i l  

Age adjusted surface area f a c t o r  (SAF,,,)(crn*/kg-day) = 

EF,  x ED,, EF, x ED, x SA, ( SW,,, X A~ocsAoc) + ( BW, x AT, 
SAF, = 

In take o r  Absorbed dose -(mg/kg-day) = 

C, x SAF, x CF x AF x ABS 

Parameters 

EF (events/yr)  

ED ( y rs )  ' 

A T n  (davs) 

ATc (days) 

ABS ( u n i t  less) 

C. (ms/ks) 

. . . . . . . . . . . . . . . . 

63' I 70* 
4200' - 

l l o e  

t 26 

4300' 

2SSSob 

csv 

csv 

.tW6 

t ,a 

concentrat ion o f  i"' contaminant i n  s o i l  
s k i n  adherence f a c t o r  
absorpt ion f a c t o r  
sur face area o f  body exposed 

Apr i l  13, 1994 

5750' 

40' 

18 

C, x CF x EF, x ED, x SA, x AF x ABS 
BW, x AT,  

63 

5130' 

5 2' 

4380 

25550 

csv 

csv 

10-6 
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SA Skin S 

Dermal contact with surface water 

c w ,  SA x DA, x EF x ED 
BW x AT 

Absorbed dose (mg/kg-day)  = 

0 4  can be calcu lated as follows: (see EPA 1992, Dermal Exposure Assessment: Pr inc ip les and Applications. D. 5-51: 

IF ET<t', then:  DA, (mg/cm2-event)  = 2KD x Cy, x CF ' d(  3-14? 

1 + 3 B  
(m)) I F  ET> t'. then:  DA, (mg/cm2-event)  = KD x C,, x CF 2 ( 1 + B + 2r 

.@j$ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . 

122, 

where: W, = Permeabil i ty Coef f ic ient  (an/hr) 
T = Lag t ime (hr )  
t* = t ime (hr) 
B = b io- lp take 

get W,, 7 ,  t*, and B from Table 5-8, i n  the 1992 D e m l  Exposure Assessment: Pr inc ip les and 
Applications 

c w ,  csv Yk 
face Area Exposed 

csv chemical spec i f i c  value 

QZ 
&s 

* we are assuming that only the older c h i l d  wades i n  Paddys Run 

A p r i l  13, 1994 

- 
19 



Incidental Ingestion of Surface Water 
fu?$ 
....... .... . . . . . . , . , . Intake ( p c i )  = CWs x EF, x ED,, I R  

ED (yrs)  

ATn (days) 

ATc (days) 

C,, (rng/L) (pCi/L) 

C, x I R ,  x EF, x ED,, 
BW, x AT rntake (mg/kg-day)  = 

12 #A 

4380 #A 

25550 #A 

t S V  Nk 

I I 

I1 EF (events/yr) I 52' 

C,, Concentration of i t h  Contaminant i n  surface water. 
I R  Ingestion Rate 

we are assuming that only the older ch i ld  wades i n  Paddys Run 

Apri l  13, 1994 20 



D i r e c t  I r r a d i a t i o n  from So i l s  

Age Adjusted External Radiat ion (pCi-yr/g) = 

CF* ( 1 -SH,) (C, * ET,,t_*EF,*EDo,) ) +(Cs ETouta * EF, * ED, ) ) 

f453 

SH_ un i t l ess  I O" I om 
I I 

C, x CF x EF x ED x ET, x (1-SH,) 

Expanded Trespasser - older c h i l d  

,.... 

Na;. 

@! 

. . . . . . . . . . . . . . . 

ET, Exposure Time Indoors 
ET,, Exposure Time Outdoors 
SH, Shielding Factor Indoors 
SH, Shielding Factor Outdoors 
c, Concentration of ilh Contaminant i n  s o i l  
C F  Conversion Factor 

* i t  i s  assumed that  only the older c h i l d  (ages 6-18) w i l l  p lay i n  Paddys Run and therefore be exposed t o  sediment 

April 13, 1994 21 



'EPA 1989, EPA/540/1-89/002 RAGS, Vol. 1, Pa r t  A 
bAssumes the  average s t a y  i s  2 hours f o r  t he  o lder  c h i l d  and 1 hour f o r  the adul t .  These parameters a re  consis tent  w i t h  in format ion from B u t l e r  County Department 
of Recreation. Assumes an i n d i v i d u a l  w i l l  use s i t e  over a pe r iod  44 years. 
"Assumes an adu l t  v i s i t s  the s i t e  1 hour/day f o r  40 days/yr (one day/week f o r  30 weeks p lus  10 days f o r  add i t i ona l  use). Assumes o lder  c h i l d  uses f a c i l i t y  
approximately 110 days/yr (using the s i t e  from A p r i l  through October f o r  3 days per week f o r  30 weeks: an add i t i ona l  20 days were added t o  a l low f o r  o ther  v i s i t s .  
Th is  guidance was prov ided by USEPA Region V. 
dAssumptions f o r  rec rea t i ona l  use o f  the GMR: assumes user swims i n  the r i v e r  over a pe r iod  o f  30 years 
"Assumes farmer works 2000 h rs / y r  outdoors 
'EPA OSUER d i r e c t i v e  9285.6-03, Standard De fau l t  Exposure Factors 
%PA Region V guidance, ET, ED, and s o i l  i nges t i on  r a t e  f o r  CT receptor are from personal c m n i c a t i o n  between Mike Eollenbacher and Pat Van Leuuen, i nha la t i on  
r a t e s  and s o i l  i nges t i on  ra tes  f o r  the farmers are from OU4 R I  comnents and responses, s t a t i n g  tha t  the s o i l  i nges t i on  r a t e  o f  180 mg/day represents an age and 
occupat ional  ad justed value. (See Operable U n i t  4 R I )  
hEPA 1991, OSWER d i r e c t i v e  9285.7-0113 RAGS, Vol. 1, Par t  B 
'EPA Region V guidance, based on f r a c t i o n  o f  waking hours (16 h rs )  spent on o r  near source (ie.: 2/16 = 0.125) 
'Based on f r a c t i o n  o f  day spent on s i t e ,  o r  f r a c t i o n  o f  t ime consuming from source 
k s i n g  the  Andelman Model- 1990, i t  i s  assumed tha t  h a l f  the concentrat ion o f  v o l a t i l e  chemicals i n  water t rans fe r  t o  a i r .  EPA 1991 RAGS, Vol.1, Part  E, p.20-22 
'EPA 1992, EPA/600/8-91/011E, Dermal Exposure Assessment: P r i n c i p l e s  and Appl icat ions , SAs are from sec t i on  8.4 
"USNRC 1977, Regulatory Guide 1.109, assumes an indoor sh ie ld ing  f a c t o r  o f  0.5 and no sh ie ld ing  outdoors 
"Guidance from EPA Region V, recomnendation from Pat Van Leuwan tha t  the youth w i l l  trespass on s i t e  approximately 3days/wk from June - August, p lus  1 day/uk 
i n  April, May, September and October, f o r  4 hr/day ( o f  which one hour i s  spent p lay ing i n  Paddys Run. 
"Assumes worker spends 175, 8 -h r  days b u i l d i n g  a house. An average o f  50% o f  the 
working hours are spent in  outdoor cons t ruc t i on  and 50% on indoor cons t ruc t i on  
'Assumes a small res ident  c h i l d  spends 700 h rs / y r  outdoors 
qAssumes a v i s i t o r / d e l i v e r y  person spends 2 hrs/day on s i t e  
'Assumes a wading scenar io because Paddy's Run i s  too shallow f o r  swimning, therefore approximately 31% o f  t o t a l  95th pe rcen t i l e  body surface exposed, f o r  feet ,  
lower legs, hands and forearms. EF assumes tha t  the o f  the 110 days/yr the expanded trespasser (youth) i s  on s i t e ,  he/she i s  exposed t o  sur face water and 
sediment 52 o f  those day. (This i s  cons is tent  w i th  PVL's request f o r  exposure t o  surface water being 52 days/yr). 
'USDA 1985, Report no. 85-1, Nat ional  Food Consumption Survey, values inc lude a f r a c t i o n  o f  food produced a t  home, i e :  -35 f o r  f r u i t s  and vegetables, -75 for  
meats and .75 f o r  m i l k  (as recommended i n  the Exposure Factor Handbook) 
'EPA 1990, EPA/600/8-89/043, Exposure Factor Handbook, I R  f o r  beef and m i l k  are from p. 2- 25-27; I R  o f  d r i nk ing  water, p. 2-1.9; I R  o f  f ish,  p.2-33, I R  o f  f r u i t s  
and vegetables and f r a c t i o n  o f  t ime (FI,) homegrown produce are eaten a re  from Part11 p. 1 -(8-10) 
"DOE 1992, FEMP Risk Assessment Work Plan Addendum. 
"Assumes lower frequency and exposure t ime because Paddys Run i s  too shal low f o r  suimning and d r y  dur ing warm months, when such a c t i v i t y  would be most l i k e l y .  
Also, assumes t h a t  adu l t s  and young c h i l d r e n  w i l l  not  be p lay ing  i n  Paddys Run. 
"Assumption, The Superfund Exposure Assessment Manual, A p r i l  1988 p. 129, recomnends 50 ml/hr f o r  swimning, but  Paddys Run i s  an i n te rm i t ten t  stream not deep 
enough f o r  swimning. Therefore, a s l i g h t l y  lower value of  35 mL/hr seems reasonable. 
'Eased on s p e c i f i c  biomedical values prov ided from the Chi ldrens Hospi ta l  a t  the Un ive rs i t y  o f  Cinc innat i .  

April 13, 1994 22 
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RECORD OF I S S U E / R E V I S I O N S  

- DATE REV. NO 
10/11/93 0 

03/31/94 1 

DESCRIPTION 
Guidance on the preparat ion .of c e n t r a l  tendency ana lys is  
f o r  remedial i n v e s t i g a t i o n  r i s k  assessments 

Change f o r  submittal  t o  U . S .  Environmental Pro tec t ion  
Agency 



~~ ~ ~ 

Effective Date: March 31, 1994 Page 3 of 3 

1.0 OBJECTIVE 
The central tendency (CT) is used for comparison of average exposure to the 
conservative reasonable maximum exposure (RME). A CT analysis will be included in each 
remedial investigation risk assessment. 

2.0 SUPPLEMENTAL GUIDANCE 
CT exposures will be evaluated for the on-property farmer receptor. All other 
receptors will be evaluated by the use of RME values. 

3.0 SUPPORTING INFORMATION 
In regards to quantifying exposures, CT evaluations refer to the use of median (50th 
percentile) human parameters, using the 95th upper confidence limit (UCL) concentration 
term, as distributed below: 

Body Wei g h t 50th percentile 
Skin Surface Area 95th percentile* 
Intake rates 
(inhalation, ingestion, etc. 50th percentile 
Exposure Frequency 50th percentile 
Exposure Duration 50th percentile 
Concentration of 
Contaminant 95th UCL 

* EPA will confer with the authors of the skin surface area parameters in atempt to 
resolve this issue. Until guidance is received from EPA to' change this to 50th 
percentile skin surface area, the 95th percentile values will be used. 

4 . 0  REFERENCES 
None. 
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- DATE REV. NO 
10/19/93 0 

03/31/94 1 

DESCRIPTION 
L i s t s  o f  exposure scenarios and pathways t h a t  a r e  t o  be 
used i n  RI /FS R i s k  Assessments 

Change f o r  submi t ta l  t o  U .S .  Environmental  P r o t e c t i o n  
Agency. I n c l u s i o n  o f  a d d i t i o n a l  r e c r e a t i o n a l  r e c e p t o r s  
deve oped f o r  Operable U n i t  5 
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11 Tit le :  Receptors Guidance 

SUPPLEMENT NO. 94-008 
REVISION NO. 1 
Effective Date: March 31. 1994 I Paae 3 of 5 

1.0 OBJECTIVE 
This guidance l i s t s  receptors tha t  are t o  be used in FEMP RI/FS r i sk  assessments. 

2.0 SUPPLEMENTAL GUIDANCE 
The following current and future land use scenarios and receptors are t o  be used in 
RI/FS r isk assessment’: 

0 =. Current Land Use with Access Controls 
- vi s i  tor (del i very person) 
- trespassing youth 
- off-property farmer 
- off-property resident child 
- groundskeeper 

0 Current Land Use without Access Controls 
- vi s i  tor (delivery person) 
- off-property resident farmer 
- off-property resident child 
- off-property building user 
- off-property user of the Great Miami River 
- off-property user of mi 1 k and meat produced on-property 

0 Future Land Use with Federal Ownership 
- off-property resident farmer 

- off-property resident child 

- expanded trespasser (formally referred to  as the recreational , 

receptor) 

- groundskeeper 

- off-property user of the Great Miami River 

- Recreational use of a wildlife reserve (Operab 

- Recreational use of a undeveloped neighborhood 
5 only) 

Recreation use of a developed p a r k  - 

0 Future Land Use without Federal Ownership 
- on-property resident farmer 
- on-property resident child 
- home builder 
- off-property user o f  the Great Miami River 

e Un 

p a r k  

t 5 only) 

(Operabl e Un i t 
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3.0 SUPPORTING INFORMATION 

Page 4 of 5 

3.1 DescriDtion of Potential ReceDtors: 

Visitor (delivery person) - evaluates exposures from the ac t iv i ty  of a regular 
v i s i t o r  (who i s  n o t  covered by the FEMP Health and Safety Program) t o  an operable 
unit .  Exposure routes include: direct  radiation and inhalation of par t iculates ,  
vol a t  i 1 es ,  and radon. 

Trespassing Youth - describes,someone, ages 7 t o  18 years, trespassing on an 
operable uni t .  Possible exposure routes include: inhalation of par t iculates ,  
vo la t i les ,  and radon; incidental ingestion of soil/sediment and surface water ( i f  
i t  ex is t s  within t h a t  operable uni t ) ;  d i rec t  radiation; and dermal contact with 
surface water and surface so i l s .  

Off-property resident farmer - evaluates a farm family l iving adjacent t o  the 
FEMP property. Exposure routes include: inhalation of par t iculates ,  vo la t i les ,  
and radon;  ingestion of groundwater and home grown f r u i t s ,  vegetables, meat and 
milk; dermal contact while bathing; and inhalation of volat i les  from household 
use of groundwater. Groundwater pathways (including perched water) will be 
evaluated by Operable Unit 5. Operable Unit 4 evaluated direct  radiation 
exposure a t  the property l i ne  nearest the K-65 s i l o s .  

0 Off-property resident child - the chi ld ,  ages 0 t o  6 years, i s  evaluate 
separately from the adult farmer because i t  i s  the c r i t i c a l  receptor. The child 
will be exposed t h r o u g h  the same pathways as the farmer. 

1) 
0 Groundskeeper - evaluates a full-time employee who maintains fences, cuts 
grass,  and performs general security.  

0 On-property building user - i f  the operable unit under evaluation contains 
structures which can be habitated or salvaged, t h i s  receptor may be applicable. 
Pathways t h a t  could be included are: incidental ingestion of so i l s ;  inhalation 
o f  part iculates ,  vo la t i les ,  and radon;  d i rec t  radiation; dermal contact with 
so i l s ;  and ingestion of animal products from animals grazing on s i t e .  

0 User of the Great Miami River - evaluates use of the r ive r  for  recreational, 
household, and agricultural  uses. This receptor could be evaluated under e i ther  
a future or current land use. Pathways include ingestion of water, dermal 
contact with water sediment, ingestion of f i sh  and agricultural  products, and 
i nhal a t i  on of re1 eased vol a t  i 1 es. 

0 Off-property user of meat and milk produced on s i t e  - evaluates a par t icular  
use pattern - the consumption of meat and milk from livestock t h a t  may graze on 
FEMP property ( i . e . ,  i n  the South  Field). 

Expanded Trespasser (formerly the Recreational User) - examines exposure 
individuals who trespass on s i t e  and use the s i t e  fo r  recreational 
Exposure pathways include: inhalation of part iculates ,  vo la t i les ,  and radon 

080067 
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incidental ingestion of soils and surface water; dermal contact with soils and 
surface water; and direct radiation. 

On-property resident farmer - assumes a farm family would reside on the FEMP 
property and produce much of their own food. Pathways would include: inhalation 
of particulates, volatiles, radionuclides, and indoor concentration of radon; 
ingestion of soil /sediments, groundwater, homegrown fruits, vegetable, meat and 
milk; dermal contact with soils and groundwater; and -inhalation of volatiles 
released from use of groundwater. 

On-property resident child - assumes a child, age 0 to 6 years, is exposed to 
the same pathways as the adult farmer. 

0 Construction (Home builder) - evaluates a construction worker digging a 
basement and constructing a building. This receptor would be exposed to deeper 
soils than the other receptors. Pathways include: inhalation o f  particulates, 
volatiles and radon; dermal exposure to soils; incidental ingestion of soil; and 
direct radiation. The pathways examined under this scenario may also be 
evaluated under the on-property farmer scenario. In such a case, it would be 
assumed that the farmer constructed his own home and this receptor would be 
unnecessary. 

3.2 Additional Recreational Receptors Devel oped for Operabl e Unit 5 

Recreational User of a Wild Life Reserve - evaluates risk to humans from 
release of all or portions of the site for a wild life reserve. Activities 
include hiking, bird watching, viewing wild life, and jogging. The intent of 
this land use is to minimize disturbance for wild life. Pathways examined are 
inhalation of particulates and gases, external radiation, incidental ingestion, 
and dermal contact with soil. 

Recreational User of a Neighborhood Park with Limited Facilities - Under this 
"scenario, there would be no rest room facilities or developed recreational 
facilities with the exception of walking trails and open spaces o f  grassy 
fields. Activities and exposure pathways would be the same as those examined for 
the wild life reserve, except this park would allow for ball playing, 
picnicking, and dirt bike riding. 

Recreational User o f  a Neighborhood Park with Developed Recreational 
Facilities - This park encourages longer exposure time because there are rest 
rooms and developed recreational facilities, which would allow for more activity. 
Exposure pathways are the same as those listed for the other recreational 
scenarios. 

4.0 REFERENCES 
None. 
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As required by the Amended Consent Agreement, a baseline risk assessment is performed 
as an integral part of the Remedial Investigation (RI) report submitted for each 
operable unit at the Fernald Environmental Management Project (FEMP) . The base1 ine 
risk assessment provides a detailed estimate of potential current and future human 
health impacts by evaluating levels of both naturally 'occurring and anthropogenic 
(manmade) contaminants. This is accomplished by examining existing analytical data 
from sampled environmental media including surface soils, subsurface soils, 
groundwater, surface water, and sediments. Stored waste or construction material may 
also be assessed depending on the defined responsibilities of the operable unit in 

j Pre-RI 1 
In the pre-RI or scoping phase of the PRG/PRL development process, the operable unit- 
specific or other relevant data is reviewed and a list of detected constituents is 

'quest i on. 

Prel imi nary remedi at ion goal s ( PRGs) are devel oped based on the foll owing nformation: 

Constituents detected in sampling and analysis of media 

Constituents of potential concern (CPCs) and contaminants of concern (COCs) that 
remain after screenins {reference Supplemental Guidance to the Risk Assessment 

J 0: 
Work Plan Addendum [GWPA] No. 94-002' (DOE 1994)) 

Applicable or relevant and appropriate requirements (ARARs) e 

e Proposed future land use 

e Re1 evant exposure pathways 

e Toxicity information 

e Target risk levels 
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lo-' or a hazard index (HI) of 0.1. These screening PRGs are calculated utilizing 
equations that appear in RAGS representing residential land use for each detected 
chemical which exceeds its upper confidence level (UCL) background concentrations in 
sampled media. These concentrations (i.e., screening PRGs) are used to screen out CPCs 
from the data set. It is important to note that these screening PRGs are used only as 
part of the toxicity screening procedure for CPC selection and not for the development 
of final cleanup levels. 

This list of constituents is then subjected to additional procedural screening protocol 
which addresses macronutrients, micronutrients, ubiquitous compounds, detection 
frequency, and other considerations as described in the Supplemental Guidance to the 

STEP 2 
2.2 Site-Specific Risk-Based Preliminarv Remedial Goals (RI) 
Computation of media-specific, COC-specific risks is presented and summarized in the 
base1 ine risk assessment. By definition, these calculated risks represent total 
potential risks experienced by defined hypothetical receptor(s) from direct exposures 
to individual media (groundwater, surface water, soil, and sediment). The receptors 
and exposure pathways are selected based upon both current and potential future land 
use of the site and the surrounding area. This calculated risk includes contributions 
from background levels of COCs, if relevant. 

In preparation of the risk assessment appendix of the RI report, background risks and 
risk-based PRGs are calculated and presented simultaneously with total calculated risks 
to evaluated receptors. 

RAWPA NO. 94-003. 

0 
Site-specific risk-based PRGs are defined for the purposes of a baseline risk 
assessment to comply with guidance provided in Part 8 of RAGS as follows: 

0 COC-SDeci f i c 
A risk-based PRG is calculated for each COC selected as a result o f  the screening 
process that takes place in the RI baseline risk assessment (Supplemental 
Guidance to the RAWPA No. 94-002). 

0 Media-SDecific 
A risk-based PRG is calculated for every COC in each media type that can act as 
a potential exposure source to the receptors undergoing evaluation. No potenti a1 
cross-media impacts are evaluated at this time. 

0 Incremental 1 v Ri sk-Based 
Risk-based PRGs are calculated at ILCR target risk levels of at the 
and [National Priorities List (NPL), 40 Code of Federal Regulations (CFR) 
3001 for the appropriate hypothetical receptors and exposure scenarios evaluated 
for the site. The risk level is considered the "point o f  departure." For 
chemical toxicants, a hazard quotient (HQ) value of 0.2, based on reference doses 
(RfDs) obtained from the Health Effects Assessment Summary Tables [HEAST (€PA 
1992b)], i s  used for risk-based PRG development. 

I 
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0 ARARs 
All ARARs and to be considered (TBC) regulations regarding maximum contaminant 
levels (MCLs) are applied to the’PRG-development process. I f  ecological impacts 
are to be incorporated, as they will be in Operable Unit 5, benchmark criteria 
will also be considered. These ARARs are presented in a table with the risk- 
based PRGs in the baseline risk assessment for purposes of comparison and as 
references for use in the feasibility study (FS) process. 

The models and parameters used for generating the site-specific PRGs are provided in 
the RAWPA and the Supplemental Guidance to the RAWPA unless otherwise specified. Also, 
detailed discussions of these values and the specific methods used for calculating PRGs 
are addressed in each operable unit RI baseline risk assessment. 

If risk to either the current or future reasonable maximum exposure (RME) receptor 
exceeds the to risk range, risk managers and regulators will determine if 
remedial action is warranted and a FS report is necessary. 

STEP 3 
2.3 Modified Preliminary Remediation Goals - (FS) 
The site-specific PRGs established in the R1 baseline risk assessment are subsequently 
imported into the FS. The purpose of the RI report is to determine the nature and 
extent of contamination that falls within a defined operable unit and to determine 
baseline risks to specified receptors posed by this contamination. The purpose of the 
FS process is to identify the safest, most efficient, and lowest cost remedy that will 
bring residual risks to human health and the environment to levels considered 
acceptable by the regulatory agencies,. 

Calculated site-specific risk levels to key hypothetical receptors are a crucial 
parameter in the FS decision-making process. Risk-based, site-specific PRGs are 
derived from receptor exposure assumptions determined in the baseline risk assessment 
and are used as a major factor for comparing remedial alternatives undergoing 
evaluation. In the FS, site-specific PRG values developed in the RI baseline risk 
assessment are usually adjusted by applying modifying factors. Modifying factors can 
be divided into several domains which include: 

0 ARARs 
ARARs presented in the baseline risk assessment are now evaluated in comparison 
to si te-specific PRGs. The concentrations considered most protective to human 
health and the environment (the lowest concentrations) are generally retained. 

STEP 4 
0 Cross-Media ImDacts 

Cross-media impacts refer to the potential for one contaminated media type to 
. impact another: Most generally, it refers to the potential for contaminated soil 
and sediment to impact groundwater and surface water. Cross-media impacts 
assessed as a result of fate and transport modeling are taken into consideration 
for each site-specific PRG (risk-based or HI-based) and ARAR. The resulting 
threshold concentrations determined to be protective of other media are sometimes 
referred to as cross-media preliminary remediation goals (cPRGs). If an ARAR or 
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r isk-based PRG i s  a l ready p r o t e c t i v e  against  c ross  media contaminat ion,  t h e  cPRG 
w i l l  n o t  modify the  o r i g i n a l  value. I f  the  cPRG o r  ARAR va lue i s  lower than  t h e  
r isk-based counterpar t ,  i t  w i l l  supersede t h e  r isk-based PRG. 

As descr ibed above, t h e  risk-based, s i t e - s p e c i f i c  PRGs developed i n  the R I  a re  
compared w i t h  ARARs and the  lowest values are re ta ined .  Those values are f u r t h e r  
compared w i t h  cPRGs w i t h i n  the media type. For  example, an ARAR may be r e t a i n e d  
f o r  a cons t i t uen t  i n  s o i l  because i t s  value i s  lower  than t h e  s i t e - s p e c i f i c  PRG 
(both r isk-based o r  HI-based) f o r  t h a t  cons t i t uen t .  Due t o  t h e  modeled cross-  
media impacts, t h a t  value may n o t  be p r o t e c t i v e  o f  an ARAR (MCL) f o r  t h a t  same 
cons t i t uen t  i n  groundwater. I n  such a case, t h e  r isk-based PRG/ARAR f o r  t h a t  
cons t i t uen t  i n  groundwater would be modeled t o  d e r i v e  a more s t r i n g e n t  cPRG f o r  
s o i l .  The PRGs r e s u l t i n g  from t h i s  process o f  comparison and replacement a re  
then re ta ined  as "modi f ied PRGs." 

STEP 5 
0 Enqi nee r i  nq Contro l  s 

In format ion regard ing  proposed d isposal  c e l l  o r  consol i d a t i o n  area 
spec i f i ca t i ons ,  s i t e  subsurface geology, meteoro log ica l  in fo rmat ion ,  and volume 
and cant-aminant concentrat ion est imates f rom p r e l i m i n a r y  remedial des ign a r e  
requ i red  by modelers t o  ass i s t  i n  development o f  waste acceptance c r i t e r i a  (WAC). 
The WAC w i l l  spec i f y  the  maximum contaminant l e v e l s  t h a t  can be s tored i n  t h e  
'disposal c e l l  or consol i d a t i o n  area  and s t i l l  remain p r o t e c t i v e  from groundwater 
impacts f o r  a s p e c i f i e d  per iod .  F i n a l  dec is ions  regard ing  d i sposa l  
ce l l / conso l  i d a t i o n  area d e t a i l s  and accompanying WAC(s) w i l l  be presented i n  t h e  
ROD. 

STEP 6 
2.4 Pre l  im inarv  Remedial Ac t i on  Level s (PRALs) - (FS) 
The PRAL i s  def ined as a mod i f ied  PRG t h a t  cons iders t h e  media-speci f ic  background 
concent ra t ion  of the COC a t  the  l o c a t i o n  i n  quest ion.  

There i s  a g lobal  assumption t h a t  those conduct ing cleanups are n o t  respons ib le  f o r  
e l i m i n a t i n g  r i s k  posed by l e v e l s  o f  n a t u r a l l y  occu r r i ng  cons t i t uen ts  present i n  t h e  
considered media. This i s  pe r t i nen t  ma in l y  t o  n a t u r a l l y  occu r r i ng  rad ionuc l ides  and 
carc inogenic  metals t h a t  a re  present i n  most s o i l s ,  sediments, and t o  a lesser  e x t e n t  
groundwater. I n  order t o  preclude unacceptable r i s k  l e v e l s  i n  res idua ls  due t o  t h e  
presence o f  an abnormal l y  h i g h  background component (s)  , background 1 evel  s and r i s k s  o f  
n a t u r a l l y  occur r ing  cons t i t uen ts  w i l l  be presented and "considered" f o r  add i t i on  t o  t h e  
modified PRG(s) represent ing the  "acceptable r i s k  l e v e l " .  With t h i s  in format ion,  r i s k  
managers, regu l  a tors  , and o the r  deci s i  on makers can consider  the  proposed c l  eanup 1 eve l  
f o r  each COC i n  quest ion and suggest m o d i f i c a t i o n s  t o  t h e  cleanup l e v e l ( s )  i f  deemed 
necessary. 

STEP 7 
2.5 Proposed Remediation Levels -(ProDosed Plan1 
Proposed Remediation Levels (PRLs) a re  de f i ned  as t h e  cleanup l e v e l s  o f  t he  COCs on a 
media-by-media basis t h a t  have been incorpora ted  i n t o  the  Proposed Plan (PP) for each 
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operable unit. At thi.s point, background levels of the relevant COCs have been 
reviewed and an approach to establishing FS PRLs has been established. 

STEP 8 
2.6 Final Remedial Levels (Record of Decision) 
FRLs are defined as PRLs that have been reviewed, have received concurrence by the 
regulatory agencies, and are submitted as viable cleanup levels for remediation. These 
FRLs are published in an operable unit-specific record of decision (ROD). FRLs will 
only be confirmed after residual risks have been evaluated and the contributions of the 
operable unit under consideration have been incorporated into overall site risks. It 
may be necessary to review and perhaps revise the FRLs of individual operable units in 
the context o f  site-wide integration. A major factor in balancing this sitewide "risk 
budget" will be determination of the most cost effective reductions to contaminant 
source terms. This can only be finalized after all media-specific contaminant sources 
present in the individual operable units have been quantified and risks to evaluated 
receptors have been cal cul ated. 

, 

1 
! 

STEP 9 
2.7 Remedial Desiqn/Remedial Action (RD/RA) 
FRL values are used in the RD/RA process to determine volumes of media that must be 
removed in order to meet requirements to be "protective of human health and the 
environment." As remediation is conducted, more data will be generated than was 
available during the PRG/FRL development process. An increase of valid data points 
will diminish the degree of uncertainty present when calculating representative 
concentrations in media. This additional information may result in modifications to 
the original design specifications, while remaining in compliance with the established 
FRLs. 

3 .O SUPPORTING INFORMATION 
None 

4.0 REFERENCES 
U.S .  Department of Energy, 1993, "Site-Wide Characterization Report, Fernald 
Environmental Management Project, Fernald, OH, Remedial Investigation and Feasibility 
Study, Final," U.S .  Department of Energy, Fernald Field Office, Fernald, OH. 

U.S. Department of Energy, 1994, "Supplemental Guidance to the Risk Assessment Work 
P1 an Addendum, Fernal d Environmental Management Project , Fernal d , OH , I' U. S. Department 
o f  Energy, Fernald Field Office, Fernald Ohio. 

U.S. Environmental Protect'ion Agency, 1992a, "Integrated Risk Information System 
(IRIS)", on-line date service, U.S .  EPA, Washington, DC. 

U.S. Environmental Protection Agency, 1992b, "Health Effects Assessment Summary Tables, 
Annual Update FY 1992; including Supplement A, July 1992," OERR 9200.6-303 (92-1), U.S. 
EPA, Office o f  Emergency and Remedial Response, Washington, DC. 

U.S. Environmental Protection Agency, 1989, "Environmental Protection Agency National 
Primary Drinking Water Regulations," 40 CFR 141, as amended by 54 FR 27526, June 29,. 
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1.0 OBJECTIVE 
The v e n t i l a t i o n  volumes and r a t e s  desc r ibed  w i t h i n  t h i s  sumlemen t  c o n s e r v a t i v e l v  
approximate those  o f  t h e  normal a c t i v e  c h i l d .  The v a l u e  developed f o r  r i s k  assessments 
i s  an upward adjustment  o f  t h e  normal c h i l d  t o  t h e  moderate ly  a c t i v e  c h i l d  whose 
v e n t i l a t i o n  r a t e  and volume a r e  on t h e  h i g h  s i d e  o f  t h e  normal range. 

2.0 SUPPLEMENTAL GUIDANCE 
The c a l c u l a t e d  v a l u e  o f  0.5 c u b i c  meters (m31 Der hour  i s  t h e  aDDroDriate v a l u e  f o r  t h e  
c h i l d ’ s  i n h a l a t i o n  r a t e  and should be used in ’FEMP r i s k  assessments. The v a l u e  o f  0.5 
m3 p e r  hour  i s  recommended as t h e  reasonable i n h a l a t i o n  r a t e  f o r  c h i l d r e n  0 t o  6 y e a r s  
o f  age and accounts f o r  an i nc reased  a c t i v i t y  above t h e  normal r e s t i n g  a c t i v i t y  l e v e l .  
T h i s  v a l u e  i s  j u s t i f i e d  by t h e  p h y s i o l o g i c a l  parameters c u r r e n t l y  used by p e d i a t r i c  
p h y s i c i a n s  f rom t h e  C h i l d r e n ’ s  H o s p i t a l  a t  t h e  U n i v e r s i t y  o f  C i n c i n n a t i  Medica l  Center .  

3.0 SUPPORTING INFORMATION 
The U.S. Environmental  P r o t e c t i o n  Agency’s (EPA) p u b l i s h e d  exposure f a c t o r s  shou ld  be 
used u n l e s s  a l t e r n a t e  or s i t e  s p e c i f i c  va lues  can be j u s t i f i e d  by  s u p p o r t i n g  da ta .  

The r a t e  a t  which oxygen, which becomes p a r t i a l l y  d e p l e t e d  d u r i n g  i n c r e a s e d  a c t i v i t y  
l e v e l s ,  r e s a t u r a t e s  c i r c u l a t i n g  hemoglobin w i l l  determine human v e n t i l a t o r y  r a t e s  and 
volumes. For  a h e a l t h y  a c t i v e  c h i l d ,  oxygen r e s a t u r a t i o n  o f  hemoglobin occu rs  w i t h i n  
a f e w  minutes a t  a v e n t i l a t i o n  r a t e  a p p r o p r i a t e  t o  t h e  body s i z e .  The autonomic 
nervous system c o n t r o l s  t h e  v e n t i l a t o r y  r a t e ;  t h e  v e n t i l a t i o n  r a t e  a u t o m a t i c a l l y  
decreases as hemoglobin i s  r e s a t u r a t e d  w i t h  oxygen. Cont inued h y p e r v e n t i l a t i o n  a t  an 
h o u r l y  r a t e  beyond a few minutes d u r a t i o n  i s  u n l i k e l y  and w i l l  cause a person t o  pass 
ou t .  

Recommendations f o r  v e n t i l a t o r y  r a t e s ,  developed i n  c o n s u l t a t i o n  w i t h  D r .  Rober t  
Wilmont, D i r e c t o r  o f  Pulmonary Medic ine,  and D r .  F r e d e r i c k  Ryckman, P e d i a t r i c  Surgeon, 
b o t h  p r a c t i t i o n e r s  a t  t h e  C h i l d r e n ’ s  H o s p i t a l  a t  t h e  U n i v e r s i t y  o f  C i n c i n n a t i  Medica l  
Center, i n d i c a t e d  t h e  range o f  v e n t i l a t i o n  volume f o r  c h i l d r e n  between b i r t h  and s i x  
yea rs  o f  age i s  15 t o  20 c u b i c  c e n t i m e t e r s  (cm’) p e r  b r e a t h  p e r  k i l o g r a m  ( k g )  o f  body 
we igh t .  

The range o f  v e n t i l a t i o n  r a t e s  w i t h  r e s p e c t  t o  c h i l d r e n  0 t o  6 y e a r s  o f  age are:  

0 
0 
0 

20 t o  30 b r e a t h s  p e r  minute f o r  an i n f a n t  ( b i r t h  t o  2 y e a r s  o f  age) 
15 t o  20 b r e a t h s  p e r  m inu te  f o r  a smal l  c h i l d  (3 t o  4 yea rs  o f  age) 
12 t o  15 b r e a t h s  p e r  m inu te  f o r  an o l d e r  c h i l d  (5  t o  6 y e a r s  o f  age) 

Using c o n s e r v a t i v e  we igh t  va lues o f  10 kg f o r  an i n f a n t ,  15 kg f o r  a sma l l  c h i l d ,  and 
20 kg f o r  an o l d e r  c h i l d ,  v e n t i l a t i o n  volumes p e r  b r e a t h  acco rd ing  t o  body we igh t  a r e  
c a l  c u l  a ted  as f o l l  ows: 

0 
0 
0 

10 kg x 15 t o  20 cm’ p e r  b r e a t h  p e r  kg equals  150 t o  200 cm3 p e r  b r e a t h  
15 kg x 15 t o  20 cm3 pe r  b r e a t h  p e r  kg equa ls  225 t o  300 cm3 p e r  b r e a t h  
20 kg x 15 t o  20 cm3 pe r  b r e a t h  p e r  kg equals  300 t o  400 cm3 p e r  b r e a t h  

M u l t i p l y i n g  t h e  v e n t i l a t i o n  r a t e s  ( b r e a t h s  p e r  m inu te )  by t h e  v e n t i l a t i o n  volumes (cm3 
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per breath1 for each age group produces the following range of ventilatory volumes per 
minute (cm per minute): 

0 3.0 to 4.0 liters per minute (low) and 4.5 to 6.0 liters per minute (high) for 
an infant weighing 10 kg 

3.3 to 4.5 liters per minute (low) and 4.5 to 6.0 liters per minute (high) for 
a child weighing 15 kg 

0 

0 3.6 to 4.8 liters per minute (low) and 4.5 to 6.0 liters per minute (high) for 
a child weighing 20 kg 

The higher ventilatory volumes per minute for children 0 to 6 years of age are 
identical. We assume that 4.5 liters per minute is a conservative high (but not the 
highest) value for normal active children 0 to 6 years of age. An activity factor of 
2.1 is introduced into the calculated rate to account for a moderately active child and 
to assure conservatism in the risk assessment process. Thus, at a rate of 4.5 liters 
per minute, this moderately active child 0 to 6 years of age is breathing at a rate of 
0.57 m3 per hour (4.5 1 i ters per minute x 60 minutes per hour x 2.1 equals 567 1 i ters 
per hour). This value can be used as a higher than average value and covers the range 
o f  breathing rates during moderately active daily movements. 

Realistically, in spite of the increased activity, children could not continue to 
breath at a maximum value (hyperventilation) for more than several minutes (to do so 
would cause the child to pass out). However, they are assumed to be moderately active, 
thus, the higher ventilation rate. 

Therefore, using the higher ventilation rate and the moderate activity factor for an 
active child who will ventilate, but not continuously, at a higher rate, the 
ventilatory rate of 0.5 m3 per hour is reasonable and appropriate for children between 
0 to 6 years of age. This value is realistic and conservative and is based upon 
physiological parameters established and currently used within the greater Cincinnati 
medical community. 

4 . 0  REFERENCES 
U.S. Environmental Protection Agency, March 1990, "Exposure Factor Handbook, Part I 1  , I '  
U.S. EPA, Washington, DC. 
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DESCRIPTION 
Provides quidance to seek out dermal factors when 
unavailable in IRIS, HEAST, or ECAO documentation. 
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1.0 OBJECTIVE 
An U.S. Environmental  P r o t e c t i o n  Agency (EPA) comment (quo ted  below) d e s c r i b e s  t h e  
i n a p p r o p r i a t e  e x t r a p o l a t i o n  o f  dermal cancer s l o p e  f a c t o r s  f r o m  o r a l  s l o p e  f a c t o r  
va lues f o r  p o l y c y c l i c  a romat i c  hydrocarbons (PAHs). A d d i t i o n a l l y ,  t h e  dermal t o x i c i t y  
i n f o r m a t i o n  i s  n o t  p r o p e r l y  cons ide red  i n  t h e  r i s k  a n a l y s i s  n o r  i s  i t  p resen ted  i n  t h e  
Remedial I n v e s t i g a t i o n  ( R I )  r e p o r t .  

"Dermal a b s o r p t i o n  o f  PAH's i n  t h i s  manner ( u s i n g  o r a l  s l o p e  f a c t o r s )  w i l l  n o t  
be p r o t e c t i v e ,  and dermal t o x i c i t y  values should not  be derived f o r  these 
ComDounds." EPA, August 10, 1993 

Dermal s lope  f a c t o r s  were ,unavai  1 a b l e  f r o m  EPA's recommended documents i n c l u d i n g  
I n t e g r a t e d  R i s k  I n f o r m a t i o n  System ( I R I S ) ,  H e a l t h  E f f e c t s  Assessment Summary Tables 
(HEAST), and Environmental  C r i t e r i a  and Assessment O f f i c e  (ECAO) documents. 
E x t r a p o l a t i o n  o f  cancer  s l o p e  f a c t o r s  f rom o t h e r  r o u t e s  o f  exposure i s  i n a p p r o p r i a t e  
due t o  v a r i e d  a b s o r p t i o n ,  m e t a b o l i c  t r a n s f o r m a t i o n s ,  and t a r g e t  organ end p o i n t  
responses. I n  t h e  Operable U n i t  4 R I  r e p o r t ,  t h e  r i s k  assessors e x t r a p o l a t e d  dermal 
r i s k  s lope  f a c t o r s  f r o m  o r a l  va lues i n  an a t tempt  t o  q u a n t i f y  t h e  p o s s i b l e  c o n t r i b u t i o n  
t o  t h e  s i t e  r i s k  f rom t h e  dermal p a t h  o f  PAH exposure.  The r i s k  assessors m is read  t h e  
EPA comment t o  mean t h a t  t hose  va lues  should be c o m p l e t e l y  removed f rom t h e  R I .  They 
removed t h e  values; however, t hey  f a i l e d  t o  p r o v i d e  a l t e r n a t i v e  q u a l i t a t i v e  i n f o r m a t i o n  
o f  t h e  p o s s i b l e  impact on r i s k  f rom t h a t  p a t h  due t o  PAHs. There fo re ,  t h e  f o l l o w i n g  
p o l i c y  guidance i s  p r o v i d e d .  

2.0 SUPPLEMENTAL GUIDANCE 
When s lope f a c t o r  i n f o r m a t i o n  i s  u n a v a i l a b l e  from I R I S ,  HEAST, o r  ECAO f o r  dermal PAHs 
o r  any o t h e r  chemical ,  t h e  r i s k  assessor i s  r e q u i r e d  t o  conduct a separate search f o r  
dermal t o x i c i t y  i n f o r m a t i o n .  The f i r s t  s tep  i s  t o  seek o u t  any i n f o r m a t i o n  p u b l i s h e d  
by t h e  Agency f o r  Tox i c  Substances Disease R e g i s t r y  (ATSDR). I f  u n a v a i l a b l e ,  t h e  r i s k  
assessor must conduct an independent r e v i e w  o f  t h e  t o x i c o l o g y ,  ep idemio logy,  and 
pa tho logy  1 i t e r a t u r e .  

3.0 SUPPORTING INFORMATION 
S t a r t  t h e  search bv i d e n t i f v i n q  i n f o r m a t i o n  on t h e  t o x i c i t v  o f  t h e  chemical  i n  - -  
ques t i on .  i d e n t i f y  t h e  q u a l i t y  o f  
t h e  study. Determine t h e  s u i t a b i l i t y  o f  t h e  exper imen ta l  an imal ,  t i s s u e ,  c e l l s ,  o r  
b iochemical  process i n  r e l a t i o n  t o  t h e  a u t h o r ' s  q u e s t i o n ( s ) .  Also,  de te rm ine  t h e  
appropr ia teness o f  t h e  exper imen ta l  p r o t o c o l  o r  methodology used t o  answer t h e  a u t h o r ' s  
q u e s t i o n ( s ) .  Desc r ibe  how t h i s  methodology and ev idence suppor t s  t h e  c o n c l u s i o n ( s ) .  

Conduct < c r i t i c a l  examinat ion of  .the i n f o r m a t i o n .  

I n  t h e  R I  r e p o r t  t e x t ,  determine and d e s c r i b e  any h e a l t h  e f f e c t s  and t h e  e x t e n t  t o  
which t h e  contaminant o f  concern (COC)  can impact t h e  r i s k .  Desc r ibe  and r e f e r e n c e  t h e  
i n f o r m a t i o n  found and q u a l i t a t i v e l y  e x p l a i n  t h e  e f f e c t s  of  exposure t o  t h e  COC and how 
t h a t  pathway may impact r i s k .  Desc r ibe  t h e  r o u t e  of  exposure, t h e  dose, t a r g e t  organ, 
response t ime,  and any s e n s i t i v i t i e s  o f  t h e  animal .  Desc r ibe  t h e  t a r g e t  organ t i s s u e  
and end p o i n t  a s s o c i a t e d  w i t h  t h i s  exposure pathway. C o r r e l a t e  potency of t h i s  
chemical and how i t  may c o n t r i b u t e  t o  t h e  r i s k  from t h i s  pathway. P rov ide  a q u a l i t a -  
t i v e  d i s c u s s i o n  o f  t h e  p o s s i b l e  impact of t h i s  exposure p a t h  t o  t h e  t o t a l  r i s k ,  
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correlating the possible effects on human response. Finally, provide a discussion on 
the amount and type of uncertainty of this relationship on risk in the uncertainty 
section of the RI report. 

For PAHs : 
When presenting risk information on the 82 (probable human carcinogen) PAHs, the RI 
report should provide risk information of available oral and/or inhalation slope 
factors. For dermal exposure, provide a discussion of the toxicity as above. The 
proper input into text should be "the contribution to cancer risk from dermal exposure 
to PAHs indicates that path to be at least as toxic as the oral route." Therefore, 
once you have calculated the oral risk, double it (i.e., 2 X 1.0 x = 2.0 x 
to account for the impact or contribution from the dermal route of exposure. Also, 
when calculating the preliminary remediation goal, this value will be halved. 

Concurrently, it is important to prepare an evaluation of the risks using the following 
re1 at i ve potency Val ues . 

Compound Relative Potency 
Benzo(a)pyrene 1.0 
Benz(a)anthracene 
Benzo(b)fluoranthene 

0.1 

0.1 
Benzo( k)fl uoranthene 0.01 
C h ry s ene 0.001 
Dibenz(a,h)anthracene 1 .o 
Indeno(l,2,3-~,d)pyrene 0.1 

The data indicate that Benzo(a)pyrene (BaP) is the index toxin among the group of PAHs; 
Dibenz(a,h)anthracene is equally as potent. However, all PAHs are referenced with BaP. 
Since carcinogenic capabilities among PAHs vary across routes of exposure, describe the 
relationship of exposure concentrations and the potency. The uncertainty accompanying 
these descriptions must be addressed in the uncertainty section of text. 

A decision matrix is available in EPA guidance to identify whether dermal exposure 
requires assessment. It is described below to determine the importance of dermal 
exposure during risk analysis. (EPA, Dermal Exposure Assessment: Principles and 
Application, page 9-2). 

1. Will dermal contact occur in the scenario? 
a. No-do not consider further. 
b. Yes-review dermal toxicology and determine if chemical causes skin 

effects. 

a 2. IS the contaminant in water/soil that is dermally contacted also be 
consumed? 
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a. No-conduct d e t a i l e d  assessment of w a t e r / s o i l  exposure and c o n s i d e r  
p o s s i b l e  c o n t r i b u t i o n  f rom dermal exposure. 

b. Y e s - c r i t i c a l  l y  examine w a t e r / s o i l  exposure. 

3. Is water  Kp g r e a t e r  than lo - '  cen t imeters  p e r  hour  o r  i s  a b s o r p t i o n  f r o m  
s k i n  g r e a t e r  than 10 percent? 
a. No-dermal a n a l y s i s  may n o t  be necessary.  
b. Yes-conduct a d e t a i l e d  r i s k  a n a l y s i s  and e v a l u a t e  any p o s s i b l e  , 

c o n t r i b u t i o n  f rom dermal exposure. 

4.0 REFERENCES 
U.S. Environmental  P r o t e c t i o n  Agency, 1993a, "Hea l th  E f f e c t s  Assessment Summary Tables,  
FY-1991," OERR 9200.6-303(91-12, EPA, Washington, DC. 

U.S.  Environmental  P r o t e c t i o n  Agency, 1993b, " I n t e g r a t e d  Risk I n f o r m a t i o n  System 
( IRIS) , "  Computer database, EPA, Washington, DC. 

U.S. Environmental  P r o t e c t i o n  Agency, 1992, "Dermal Exposure Assessment: P r i n c i p l e s  and 
Appl i c a t i o n s , "  EPA/600/8-91/011B, Exposure Assessment Group, O f f i c e  o f  H e a l t h  and 
Environmental  Assessment, U.S. EPA, Washington, DC. 
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DESCRIPTION 
Provides the physiological parameter to be used for the 
human body surface area during calculation of dermal 
exposure 
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1.0 OBJECTIVE 
A comment .S .  Environmental Protection Agency (EPA) consisted of the upper bound [2.3 
square meters (m')] body surface area parameter. The comment is quoted below: 

"Regarding surface area ( S A )  parameter values for the dermal contact with 
soi 1 /sediments pathways. Please reread the OSWER Directive, 9285.6-03. The 
directive specifies that the upper-bound values should be used for IR 
(intake/contact rate). It goes on to say. .'#the body surface area is a measure of 
contact rate (contact area) in the dermal equations. Therefore, i t  is appropriate 
to use upper bound values (95th percentile values) as indicated in the dermal 
guidance." Pat Van Leeuwen, October 27, 1993. 

2.0 SUPPLEMENTAL GUIDANCE 
The 95th percentile body surface. area value of 2.3m2, described by EPA, i s  the 
physiological parameter to be used for the human body surface area during calculation 
of dermal exposures for a1 1 risk assessments. The Fernald Envi ronmental Management 
Project (FEMP) feels that this guidance is inappropriate and has presented a dissenting 
opinion. The matter will be examined by EPA headquarters; until EPA acts upon this 
matter, the above value will be used. The support for the dissenting opinion is 
discussed below. 

.3.0 SUPPORTING INFORMATION 
The FEMP's evaluation of EPA guidance and established human surface area parameters 
suggests that the dermal guidance is incorrect when applied to an werage body weight 
reference man. To 
alter this relation is inappropriate and suggests the average 70 ki ogram reference man 
has the body surface area of a 100 kilogram or greater person. This relationship 
extends outside physiological reality. 

The surface area is highly correlated with body we ght and height. 

It is further suggested that the values are inappropriate when examined in light of 
EPA's own supporting data for such guldance (Exposure Factors HAssessment, EPA600/8- 
89/043, Chapter 4 and Appendix 4A). The guidance cites several references and provides 
equations (SA=K*B.Wt2I3 and SA=Ao*Ht"'*Wt"') identifying the high degree of correlation 
between body weight, body height, and body surface area, and uses that relation 
extensively. Due to the EPA indicating that the physiological parameters are highly 
correlated, any other use would be incorrect and in conflict with this philosophy. 

The above EPA comment suggests that contact rate and contact area are equivalent: that 
is incorrect. Risk Assessment Guidance for Superfund (RAGS), Section 6, Page 6.2 
supports the fact that contact rate and contact area are not the same. The EPA cited 
definition for contact rate is a measure of the amount of medium (liters Of water 
ingested per day or mg/cm'-day soil contacted) per unit time. The definition for 
contact area is the body surface area available for contact with contaminated medium 
(in m'). 

RAGS, Section 6.4, page 6-19 states that, "the reasonable maximum exposure (RME) is the 
maximum exposure that i s  reasonably expected to occur at the site. Under this 
approach, some intake variables may not be individual maximum values but in combination 
with other vari ab1 es wi 11  resul t in estimates of RME (reasonable maximum exposure). 
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Determinat ion o f  "reasonable" cannot be based s o l e l y  on q u a n t i t a t i v e  i n fo rma t ion  bu t  
requ i res  t h e  use o f  profess ional  judgement." The maximum body su r face  area used w i t h  
an average body weight  and average 1 i f e t i m e  exposure i s  i n c o n s i s t e n t  w i t h  profess ional  
t o x i c o l o g i c a l  judgement. 

OSWER d i r e c t i v e  9285.6-03, Supplemental Guidance, Standard D e f a u l t  Exposure Factors,  
I n t e r i m  F i n a l ,  March 25, 1991, page 1 s ta tes  t h a t  "exDosure f a c t o r s  (no t  phys io log i ca l  
parameters) i n  t h e  document should be used unless a l t e r n a t e  o r  s i t e  s p e c i f i c  values Can 
be j u s t i f i e d  by suppor t ing  data."  

The FEMP's rev iew o f  t h e  OSWER d i r e c t i v e  concludes t h a t  guidance does n o t  c l e a r l y  
e s t a b l i s h  us ing  the  upper bound sur face  area w i t h  t h e  average body weight  and average 
l i f e t i m e .  

"The goal o f  t h e  RME est imates f o r  each scenar io  a t  each s i t e  i s  t o  combine the 
upper bound and mid-range exposure f a c t o r s  as i n  the  f o l l o w i n g  equat ion.  

Text on page 2 s ta tes :  

I n take  = ( C  x IR x E f  x ED)/(BW x AT) 
where : 

Concentrat ion o f  chemical i n  medium o f  concern - C 
IR = In take /con tac t  r a t e  (upper bound value) 
EF = Exposure frequency (upper bound va lue)  

BW = Body weight (average va lue)  
AT = 

' ED = Exposure d u r a t i o n  (upper bound va lue)  

Averaging t ime (exposure d u r a t i o n  i n  days f o r  non- carcinogens and 
a 70 year  l i f e t i m e  f o r  carc inogens) . "  

Contact  r a t e  i s  t he  concent ra t ion  o f  a chemical contaminant i n  con tac t  w i t h  a body 
surface area per  u n i t  t i m e  o r  event. This i s  an exposure r a t e  and i s  denoted by 
mg/m'/unit t ime per iod .  Based upon E P A ' s  d e f i n i t i o n s  above, t he  con tac t  r a t e  i s  an 
exposure parameter and should be the  upper bound (RME). However, t he  body surface a r e a  
exposed i s  a p h y s i o l o g i c a l  parameter t h a t  should be an average and i s  cons i s ten t  w i t h  
t h e  average body weight and t h e  average l i f e t i m e  value ( f o r  cancer c a l c u l a t i o n s ) .  
There are severa l  reasons f o r  t h i s  r e l a t i o n s h i p .  

I n  t h e  above equat ion,  the  exposure parameters a re  upper bou.nd w h i l e  the  phys io log i ca l  
parameters, body weight,  and averaging '  t ime are c l e a r l y  average ( c e n t r a l  tendency) 
values. I t  i s  appropr ia te  t h a t  the  body surface area o f  a human phys io log i ca l  
parameter should a l so  be the  average ( c e n t r a l  tendency) value. 

Federal  Regis ter ,  Vol 57, No 104, Fr iday ,  May 29, 1992, page 22895 r~commends us ing 
dose est imates t h a t  can be compared w i t h  t h e  a v a i l a b l e  dose-response data. I t  a lso  
descr ibes use o f  an average dose r a t e  [average dose (mg) of chemical per  u n i t  t ime]  f o r  
a t ime pe r iod  as a use fu l  number f o r  r i s k  assessment. I t  a lso  s ta tes  the  averaPe 
Surface area should be used i n  c a l c u l a t i n a  t h e  uDtake dose v i a  dermal exposure (Page 

.a 

22896, Sect ion 2 . 1 . 4 . 2 ) .  

Dermal Exposures HAssessment, January 1992, pages 8-9 descr ibe  t h e  equat ions use 
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develop surface area. Section 8 . 4  includes discussions by several authors (most 
notably Gehan) to support EPA's position that skin surface area is a highly correlated 
function of body weight and height. Since the average person's surface area is a 
closely correlated function of body weight and height, any relationship o f  the dermal 
exposure to the surface area must be correlated with average body weight ( 7 0  
kilograms). To use 70 kilograms in the dermal equation with a RME surface area is 
scientifically and medically inappropriate. Risk calculations using an average 
person's body weight with an RME surface area present a significant bias and is 
scientifically indefensible (L.J. Phil1 ips, R.J. Fares, and L.G. Schweer, 1993, 
"Distributions of Total Skin Surface Area t o  Body Weiqht Ratios for use in Dermal 
Exposure Assessments, ' I  Journal of Exoosure Anal y s ?  s and Environmental Eoidemiol oqv, 
Vol. 3 :  331-338) .  

Dermal Exposures HAssessment. Part 2, Appl ication of The Dermal Exposure Assessment 
identifies the human body surface areas to range from 17,000 to 23.000 square 
centimeters (cm') . The mean value is 20,000 crn' ( 2 .0m2) .  Thus, an appropriate mean 
surface area that should be used for the reference man is 2.0171'. 

Dermal Exposures HAssessment, Chapter 9.1. page 9-1 i s  the example used for EPA'S 
decision matrix regarding the importance of dermal uptake and uses an exposed surface 
area of 20,000 cm' or 2.0m'. 

Dermal Exposures HAssessment, Table 8-6 is an example where the table headings for 
central tendency (mean) surface areas is 20,000 cm'and the RME value for surface area 
is 23,000 cm'. In both examples, the situations reflect the use of central tendency 
values of surface area with the central tendency event time, frequency, and duration 
(see Table 8-6, page 8-20). 

Dermal Exposures HAssessment. page 9-18 compares the amount of dose received by the 
average adult via dermal uptake and ingestion, and the equation example uses the 
average skin surface area of 20,000 cm2. 

An additional consideration is the use of data from the Environmental Criteria and 
Assessment Office (ECAO) for dermal uptake from soil. The use of an upper 1 imit value 
for ABS with two central tendency values AF and SA results in an overall DA,,,,, that 
i s  above the average. If the upper bound for AF and SA are also used, then the DA,,,,, 
would result in a 99.78th percentile value. This is clearly outside a reasonable 
approach as directed by RAGS. (D.E. Burmaster and R.E. Harris, 1993, "The Magnitude of 
Compounding Risks in Superfund Assessments", Risk Analysis, Vol 13: 131-34 ) .  

In Section 4 of the Exposure Factors HAssessment, Skin Surface Area, EPA uses 
regression equations to correlate height and weight to establ ish'surface areas. This 
also describes the use of  surface area in relation to the height and body weight. 
Nowhere do any o f  the references or examples explicitly state that the upper bound SA 
should be used with normal body weight and average lifetime. (EPA citation, Gehan. 
George, 1970, "Estimation of Human Body Surface Area from Height and Weight," Cancer 
Chemotheraov Reports, Vol . 5 4  N0.4: 225-235) .  

However, EPA guidance on using average body surface area in the exposure assessment a 
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e q u a t i o n  i s  found i n  t h e  Federa l  R e g i s t e r ,  V o l .  57, No. 104, S e c t i o n  2.1.4.2. T h i s  
s e c t i o n  d e a l s  w i t h  t h e  dermal r o u t e  of up take  and each o f  t h e  equa t ions ,  2.8, 2.9, and 
2.10, d e s c r i b e s  t h e  average d a i l y  dose c a l c u l a t i o n s  u s i n g  t h e  average body sur face 

The guidance f r o m  RAGS (page 6-41, e t  seq., E x h i b i t  6-15, e t  seq.) s t a t e s  " f o r  dermal 
c o n t a c t  w i t h  chemi-cals i n  s o i l ,  use 9 5 t h  o r  9 0 t h  p e r c e n t i l e s  f o r  c o n t a c t  r a t e  and 
exposure f requency v a r i a b l e s  and t h e  5 0 t h  o e r c e n t i l  e f o r  t o t a l  body su r face  area 
(1.94/2.0 MZ) f o r  ( S A ) . "  

Based upon t h e  above, EPA ph i l osophy  and p u b l i s h e d  documents a r e  c o n s i s t e n t  i n  t h e i r  
p h i l o s o p h y  t h a t  mean s u r f a c e  area shou ld  be used w i t h  mean body w e i g h t  when used i n  
r i s k  assessments. Thus, a 1.94 o r  2 . 0 ~ ~  (19,400 t o  20,000cmZ) c e n t r a l  tendency 
p h y s i o l o g i c a l  parameter  va lue  should be used w i t h  mean p h y s i o l o g i c a l  parameters;  
however, exposure parameters should be a t  t h e  reasonab le  maximum v a l u e  (RME). 

Based upon t h e  r e v i e w  o f  ph i l osophy  espoused i n  EPA documents, a r e a l i s t i c  approach t o  
e v a l u a t i n g  t h e  dermal r i s k  would be t o  p r e p a r e  two s e t s  of  c a l c u l a t i o n s ,  one Us ing  50 th  
p e r c e n t i l e  exposure doses w i t h  t h e  5 0 t h  p e r c e n t i l e  p h y s i o l o g i c a l  parameters and a 
second s e t  o f  c a l c u l a t i o n s  u s i n g  9 0 t h / 9 5 t h  p e r c e n t i l e  RME exposure parameters w i t h  t h e  

I mean p h y s i o l o g i c a l  parameters.  These r i s k  va lues  w i l l  p r o v i d e  a r e a l i s t i c  y e t  
c o n s e r v a t i v e  range o f  r i s k s  and i n d i c a t e  p r o b a b l e  mean r i s k  and t h e  reasonab le  max 
r i s k  accompanying t h e  average and maximum w o r s t  case exposure scenar ios .  
comb ina t ion  a l l o w s  f o r  r e a l i s t i c  d e c i s i o n  making. 

The f o u n d a t i o n  o f  t o x i c o l o g y  i n d i c a t e s  t h a t  dose and d u r a t i o n  a r e  t h e  most i m p o r t a n t  
f a c t o r s  when d i s c e r n i n g  t o x i c i t y .  The r i s k  va lues  i d e n t i f y  t h e  p o s s i b l e  adverse 
e f f e c t s  a s s o c i a t e d  w i t h  a dose r a t e  ( m i l l i g r a m  chemica l /pe r  k i l o g r a m  body w e i g h t )  and 
d u r a t i o n  o f  exposure.  T h i s  dose r a t e  can reasonab ly  be an average (CT) r a t e  o r  f o r  
g r e a t e r  conse rva t i sm,  t h e  dose r a t e  can be t h e  reasonable maximum exposure (RME). 
However, p h y s i o l o g i c a l  parameters must be chosen a p p r o p r i a t e l y .  They shou ld  e i t h e r  be 
mean va lues  ( 5 0 t h  p e r c e n t i l e  v a l u e s )  o r  t h e y  shou ld  be 9 0 t h  t o  9 5 t h  p e r c e n t i l e  va lues .  
However, t h e y  shou ld  n o t  be mixed f o r  a r e a l i s t i c  and p r a c t i c a l  e s t i m a t e  of  r i s k .  

4.0 REFERENCES 
U.S. Env i ronmenta l  P r o t e c t i o n  Agency, March 1990, "Exposure F a c t o r  Assessment, P a r t  
11," U.S. €PA,  Washington, DC. 

U.S. Env i ronmenta l  P r o t e c t i o n  Agency, January 1992, "Dermal Exposure Assessment: 
P r i n c i p l e s  and Appl  i c a t i o n s " ,  EPA/600/8-91/011B, Exposure Assessment Group, O f f i ce  O f  
H e a l t h  and Envi ronmenta l  Assessment, U.S. EPA, Washington, DC. 
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1.0 OBJECTIVE 
Quest ions have been rai sed about beryl 1 i um and beryl 1 i um compounds with regard to ri sk 
assessments at the Fernald Environmental Management Project (FEMP) . Of particular 
concern are values that were recommended by the U.S. Environmental Protection Agency’s 
(EPA’s) Environmental Criteria and Assessment Office (ECAO) for assessing beryllium 
exposure from dermal contact with soils. The objective of this Supplemental Guidance 
is to identify the beryllium issues at the FEMP, to discuss the resolution o f  these 
issues based on negotiations with EPA, and to provide guidance on procedures for 
calculating dermal risk of beryllium and beryllium compounds in future risk 
assessments. 

2.0 SUPPLEMENTAL GUIDANCE 
The oral dose-response factors derived for beryllium were based on drinking water (oral 
ingestion) studies. ~ It was agreed upon by EPA and the U.S. Department of Energy (DOE) 
that since no adjustments were made on the dose-response calculated for oral ingestion 
of beryllium compounds during from these studies, it appears that these studies assume 
an absorbed dose. Therefore, no adjustments are necessary when converting the oral 
slope factor for use as a dermal slope factor. 

This position is considered to be adequately protective for assessing risk from dermal 
contact with beryllium, given the information provided by the Agency for Toxic 
Substances and Disease Register (ATSDR 1991), the Integrated Risk Information System 
[IRIS (EPA 1994a)l and ECAO (EPA 1993; 1994b). This process will be followed during 
a1 1 future risk assessments i nvol vi ng beryl 1 i um and beryl 1 i um compounds in remedi a1 
investigations and feasibility studies at the FEMP. 

3.0 SUPPORTING INFORMATION 
DOE first requested dermal absorption factors from ECAO for COCs when preparing the 
Operable Unit 4 Remedial Investigation (EPA 1993b). A copy of a portion of this 
memorandum is provided as Attachment 1. Based on ECAO’s review of data for beryllium, 
they recommended that risk assessments at the FEMP use a gastrointestinal absorption 
fraction of 0.01 (one percent) and a dermal absorption fraction of 0.01 (one percent). 
No opinion was given whether the oral dose-response for beryl 1 ium was based on an 
absorbed dose or an administered dose. DOE assumed that the beryll ium dose-response 
was based on an administered dose and calculated dermal dose-response factors for 
beryll ium using an adjustment on the oral dose-response to calculate absorbed dose- 
response factors according to RAGS guidance (EPA 1989). This procedure was used in the 
baseline risk assessments for Operable Units 1, 2, and 4. However, upon evaluation of 
the conclusions of these baseline risk assessments, it was determined that beryllium 
was contributing a significant proportion to the total risk for each operable unit. 
For example, in Operable Unit 2, beryllium accounted for approximately 65 percent or 
more of the total risk for some receptors. Dermal contact with soil accounted for 95 
percent to 97 percent of risk attributed to beryllium. However, the levels detected 
in media responsible for the exposure were only elevated slightly above background. 
This finding significantly impacted the Operable Unit 2 Feasibility Study. A 
significant increase in soil volumes would be required to mitigate potential risk posed 
by beryllium via dermal contact. DOE reviewed the status of beryllium with regard to 
the FEMP and approached EPA Region V regarding the uncertainty inherent in this 
methodology. 



Specific dose-response values are not available from the IRIS, Health Effects 
Assessment Summary Tables (HEAST), or ECAO for assessing dermal exposure to 
constituents. Therefore, the risk assessor conducts an independent search to evaluate 
the potential for exposure and risk from dermal contact (EPA 1992). This evaluation 
includes the search for relevant studies for developing dermal dose-response factors 
and dermal absorption factors. Information published by the ATSDR is given the highest 
priority. If information is unavailable or incomplete from ATSDR, the risk assessor 
must conduct an independent review of the toxicology, epidemiology, and pathology 
literature for information relevant to dermal exposure regarding the constituent of 
concern (COC). If inadequate data exists to calculate dose-response factors for the 
dermal pathway, then Risk Assessment Guidance for Superfund [RAGS (EPA 1989)] 
recommends calculating a dermal dose-response factor based on the established oral-dose 

. response factor. 
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A series of dialogues were held between the EPA and DOE during the time period from 
April 12, 1994 to July 20, 1994. A summary of these dialogues follow: 

ADril 12. 1994 Meetinq between EPA and DOE (Attachment 2) 
In this meeting, EPA was made aware of the issues with the dermal pathway. DOE 
presented a summary of the Supplemental Guidance for Assessing Dermal Risk to 
Beryllium. It was stressed to EPA that, although there is not a significant 
source of beryllium at the site, it is one of the primary risk drivers for 
Operable Unit 2 and the outlying areas of Operable Unit 5. Also, it was pointed 
out that the background sampling program may not be representative of the FEMP 
soils as indicated by higher frequency of detection for beryllium and higher 
concentrations in "cleaner" areas of the FEMP. As a result, it was indicated 
that beryllium has the potential to drive remedial activities for these operable 
units. 

1 

It was pointed out that the dermal exposure pathway accounted for approximately 
97 percent to 99 percent of the total dose from beryllium exposure. No data 
exists to quantify dose-response from beryllium; therefore, at this time, the 
dermal pathway is only considered in a qualitative manner for this compound. DOE 
stated that it cannot support such significant risk management decisions based 
on this "qualitative" exposure pathway. Therefore, DOE informed EPA that the 
current draft of the Operable Unit 2 Feasibility Study would be based on the 
proposed alternative method. The EPA Region V Senior Toxicologist stated that 
EPA would look into these issues based on a "California Study" on values for 
dermal contact and that EPA Region V would contact the ECAO for consultation on 
this matter. 

0 Mav 24. 1994 Memorandum from Joan Dollarhide ECAO (Attachment 3) 
ECAO reexamined the oral and dermal absorption factors for beryllium and the 
potential for carcinogenicity for beryl1 ium from the dermal pathway. ECAO 
concluded that, although quantitative data is limited on this matter, existing 
data supports their original position on dermal and oral absorption factors. 
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0 July 7. 1994 Meetinq between EPA and DOE 
DOE presented an issue paper (Attachment 4) out1 ining issues pertaining to ECAO 
and beryllium impacts on the FEMP site. At the conclusion of the presentation, 
the EPA Region V Senior Toxicologist requested that DOE provide example 
calculations using 1 percent (ECAO proposed value) and 0.1 percent (default value 
for metals) for the dermal absorption rate. Concurrent with this analysis, EPA 
would research the relevant studies summarized by IRIS to review the basis for 
the current oral slope factor. 

DOE provided example calculations to EPA via a facsimile dated July 14, 1994 
(Attachment 5). 

A conference. call was held between DOE and EPA to discuss the example 
calculations sent to EPA by DOE and to discuss the review of IRIS by the EPA 
Region V Senior Toxicologist. In this discussion, the EPA Region V Senior 
Toxicologist stated that the calculations presented by DOE appear correct. She 
concluded that the dermal exposure pathway appeared to pose a higher than 
expected risk from background concentrations of beryllium in soil. The EPA 
Region V Senior Toxicologist's review of studies presented in IRIS suggest that 
the oral dose-response factors were based on absorbed dose and not administered 
dose. Therefore, it was concluded that no adjustment was needed to use the oral 
dose response factor to calculate dermal dose response to beryllium. 

._  
- 0  July 20. 1994 Conference Call between DOE and EPA 

0 EPA instructed DOE to use this method (Attachment 6) in their approval letter for 
the Operable Unit 1 FS dated July 27, 1994. 

4.0 REFERENCES 
Agency for Toxic Substances and Disease Registry (ATSDR), 1991, "Toxicological Profile 
for Beryllium," ATSDR, U.S. Public Health Service, Atlanta, GA. 

U.S. Environmental Protection Agency, 1989, "Risk Assessment Guidance for Superfund: 
Human Health Evaluation Manual , Part A: Interim Final" EPA/540/1-89/002, EPA, 
Washington, DC. 

U.S. Environmental Protection Agency, 1992, "Dermal Exposure Assessment: Principles and 
Applications," EPA/600/8-91/011B, Exposure Assessment Group, Office of Health and 
Environmental Assessment, U.S. EPA, Washington, DC, p. 9-2. 

U.S. Environmental Protection Agency, 1993a, "Health Effects Assessment Summary Tables, 
FY-1991 , 'I OERR 9200.6-303 (91-1 1, EPA, Washington , . DC. 
U.S. Environmental Protection Agency, 1993b, Memorandum from Joan Dollarhide, ECAO, to 
Pat VanLeeuwan, Region V Toxicologist, ' I . .  .Oral and Dermal Absorption Factors for 
Multiple Chemicals (FEMP O.U.#4/FernaldY Ohio) ,'I EPA, Environmental Criteria and 
Assessment Office, Cincinnati , Ohio. 
U.S. Environmental Protection Agency, 1994a, "Integrated Risk Information System 
(IRIS)", computer database, EPA, Washington, DC. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

ENVIRONMENTAL CRITERIA A N D  ASSESSMENT OFFICE 
.\e OFFICE O F  RESEARCH A N D  DEVELOPMENT 

' 5 ,  Ig tb"  

- 
CINCINNATI. OHIO 45268 

MEMORANDUM: 

4 
-. 

DATE : July 21, 1993 

SUB JECT: Chronic and Subchronic, Systemic and Carcinogenic, Oral 
and Inhalation Toxicity Information for 2-Hexanone 
(Methyl n-Butyl Xetone, CAS No. 591-7806), Magnesium 

73-8) and Mixed Xylenes (CAS No. 1330-20-7). Oral and 
Dermal Absorption Factors for Multiple Chemicals (FEMP 
O.U.PI/Fernald, OH) ; I 

(CAS NO. 7439-95-6), mibutyl Phosphate (CAS NO. 126- 

FROM : Joan So Dollarhide qd-- ~ ' h ~ ~ - / ~  C L  
Associate Director 
Superfund Health Risk Technical Support Center 
Chemical Mixtures Assessment Branch 

TO: Pat VanLeeuwen 
U . S .  EPA 
Region V 

This memorandum is in response to your request for chronic 
and subchronic, systemic and carcinogenic, oral and inhalation 
toxicity values for contaminants found at the F€MP O.U. P4 in 
Fernald, Ohio . 

We are currently preparing a provisional RfC for 2-hexanone; 
however, w e  were not able to complete this work within the short 
time frame ,for this request. 
this information when it is complete, please  let me know. 

If you are interested in seeing 

Attached please find the following information: 

Attachment 1: R i s k  Assessment Issue Paper for: Deiivation of a 
Provisional RID for 2-Hexanone (Methyl n-Butyl 
Ketone, CAS No. 591-78-6) 

Attachment 2a: R i s k  Assessment Issue Paper for: 
Toxicity Information for Magnesium 

Systemic 

(CAS NO. 7439-95-4) 

Attachment Zb: R i s k  Assessment Issue paper for: 
Carcinogenicity of Magnesium (CAS No. 7439-95-4) 

Provisional Chronic RID and Oral slope Factor for 
"ributyl Phosphate '(CAS No. 126-7306) 

Evaluation of 

Attachment 3: 



L 

Sufficient evidence for the carcinogenicity of 
benzo[bJfluoranthsne is available from animal testing. 
tumor incidences at the injection site and at distant sites have 
been observed in mice following intraperitoneal injections of 
benzo(bJf1uoranthene. 
occurred in rats given lung implants containing 
benzo(b]fluoranthene. Benzofblfluoranthene produced skin tumors 
when applied dermally to mice. 

Human Carcinogen based on inadequate evidence in humans and 
sufficient evidence for carcinogenicity in animal assays ( U . S .  
EPA, 1993). 

Oral-to-dermal extrapolation is not appropriate for 
benzo(b1fluoranthene because of the evidence that dermal exposurc 
to benzo(b1fluoranthene causes skin cancer and the uncertainty 
that the oral slope factor will protect against the local 
carcinogenic effect of dermally applied benzo(b]fluoranthene. 

Increasec 

Increased incidences of lung tumors 

Benzo(bJf1uoranthene is a Group 82 carcinogen - Probable 

REFERENCES FOR BENZO[b]FLUORANTBE: 

U . S .  EPA. 1990. Drinking Water Criteria Document for Polycyclic 
Aromatic Hydrocarbons (PAHs). Prepared by the Office of Health 
and Environmental Assessment, Environmental Criteria and 
Assessment Office, Cincinnati, OH for the Office of Drinking 
Water, Washington, DC. Final Draft. 

U . S .  EPA. 1993. Integrated Risk Information System. Online. 
Office of Health and Environmental Assessment, Environmental 
Criteria and Assessment Office, Cincinnati, OH. 

ATSDR (Agency for Toxic Substances and Disease Registry) 
Toxicological Profile for Polycyclic Aromatic Hydrocarbons. 
U . S .  Public Health Service. Atlanta, GA. 

1 

1990. 

(10/09/92) 

Data regarding dermal absorption of beryllium were reviewed 
by U.S. EPA (1987b) , ATSDR (1988) and ATSDR (1991) . 
ATSDR (1991), skin ulceration in workers exposed to beryllium 
occured Only after the skin was abraded (Williams, e t .  al.,1987) 
It is unlikely that beryllium is absorbed through intact skin. 
An experiment in rats showed that small amounts of beryllium can 
be absorbed through the tail, but did not determine an absorption 
factor. Because of the chemical properties of beryllium, it 1s 
unlikely that significant amounts could be absorbed through the 

According to 
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skin. Dermal absorption values for other metallic salts (CrCl,, 
Na,CrO,, CoCl,, ZnCl,, CdCl , ,  HgC1,) in guinea pigs were all less 
than 2 %  (Shah and Guthrie, 1986). These values would be expected 
to be even lower following exposure to the compound in soil due 
to adsorption of the cations to soil particles. Therefore, the 
I'proposed" dermal absorption factor of 1% appears to be 
reasonable for beryllium. 

available data regarding absorption of beryllium from the 
gastrointestinal tract. 
However, based on studies in animals, oral absorption of 
beryllium in humans is expected to be very limited. 
in animals suggest that <la of ingested beryllium is absorbed 
through the gut, with the more soluble salts, such as beryllium 
sulfate, being absorbed better than insoluble salts, such as 
beryllium oxide. In one study, low absorption of beryllium 
sulfate was attributed to formation of phosphate precipitate in 
the intestine. The authors of this study surmised that 
absorption of beryllium occurred predominantly in the stomach. 
Because absorption from the stomach would be expected to depend 
on gastric emptying time, which can vary widely, this finding 
suggests that beryllium absorption might be subject to large 
variations. However, such variations are not seen in the 
existing data. The "proposedI1 oral absorption factor of 1% 
appears to be reasonable, given the existing data. 

U.S. EPA (1980, 1987a, 1987b) and ATSDR (1988) reviewed the 

No data were available for humans. 

Experiments 

REFERENCES FOR BERYLLIUM 

ATSDR (Agency for Toxic Substances and Disease Registry). 
Toxicological Profile for Beryllium. ATSDR, U . S .  Public Health 
Service, Atlanta, GA. 

ATSDR (Agency for Toxic Substances and Disease Registry). 1991 
Toxicological Profile for Beryllium. 
ATSDR, U . S .  Public Health Service, Atlanta, GA. 

1988. 

Public Comment Draft. 

Shah, P.V. and F.E. Guthrie. 1986. Dermal and gastrointestinal 
absorption of environmental contaminants. In: Reviews in 
Environmental Toxicology 2. E. Hodgson, Ed. Elsevier, N. Y . 
U . S .  EPA. 1980. Ambient Water Quality Criteria Document for 
Beryllium. 
Environmental Criteria and Assessment Office, Cincinnati, OH. 

U.S. EPA. 1987a. Health Effects Assessment for Beryllium and 
Compounds. Prepared by the Office of Health and Environmental 

Office of Health and Environmental Assessment, 

EPA 440/5-80/024. PB81-117350. 
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!WETING NOTES 

SUBJECT: RISK ASSESSMENT ISSUES 

MEETING DATE: April 12, 1994 

LOCAT I ON : FERMCO Fernal d Off i ce 

ISSUE DATE: April 18, 1994 File Record Storage Copy 104.5 

DISTRIBUTION: + Attendees i+ Part-time * Author of Notes 

+ Ken Alkema + Rob Janke, DOE-FN Joe Prince 
* Kirk. Gribben Elaine Merrill t Jim Saric, EPA 

+ Randy Janke, DOE-FN Marc Nelson Steve Weldert 
Matthew Hnatov Keith Nelson + Pat Van Leeuwan, EP! 

The following is a summary of the risk assessment meeting with DOE and EPA. 

Suwlernental Guidance on PRG/PRL Develoument 
Randy Janke, DOE-FN, presented a brief overview of the Supplemental Guidance 
on Prei iminary Remedi ation Goal s/Proposed Remedi ation Levels Development. 
After a brief introduction regarding the purpose of the policy, Figure 1, 
which outlines the process, was discussed. 

Jim Saric, €PA, stated that Supplemental Guidance to the Risk Assessment Work 
Plan Addendum provided by the Fernald Environmental Management Project (FEMP) 
would not be officially approved by EPA but would be used as a tool by €PA to 
review procedures used in FEMP Remedial Investigation (RI)/Feasibility Study 
(FS) reports. It was pointed out by €PA that the Supplemental Guidance would 
be an asset to the overall project. 

Pat Van Leeuwan, EPA, stated that she did not have the time to review the 
Supplemental Guidance on PRG/PRL Development but provided some observations. 
First, the ri sk-based/Appl i cab1 e or Re1 evant and Appropriate Requirement 
(ARAR)-based PRG identified in the figure is really a site-specific PRG, which 
usually is the second step. 
based PRG. 
specific risk-based PRG. 
She indicates that a PRG with modifiers and background should be considered a 
PRL. 
was the issue. Overall, she agreed with the procedure. 

Kirk Gribben presented a summary/overview of the paper discussing potential 
recreational scenarios for the FEMP. 
paper prior to the meeting. EPA suggested they liked the paper and thought 
the scenarios were reasonably conservative. 
referencing text/tables/figures i f  the paper were released for pub1 ic review. 

Step 1 is typically considered an EPA Part B- 

She also commented on the use of "modified PRG". 
Therefore, she recommends we identify the first step as a site- 

However, we all agreed that the procedure rather than the terminology 

1 
EPA had indicated they reviewed this 

They made recommendations for 
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However, FERMCO stressed that this paper outlined the objectives agreed upon 
in the February 24, 1994 meeting and that it was prepared primarily for 
technical review between EPA/DOE/FERMCO. FERMCO told EPA that the details 
provided in this paper would not be presented in the Operable Unit 5 FS but 
would be used i n  the FS f o r  evaluating residual risk. 
review the paper and submit comments in a timely manner on the exposure 
assumptions. 

€PA agreed to further 

Sumlemental. Guidance on Assessinq Risk from Oermal Contact t o  Beryl1 ium 
Kirk Gribben presented a summary of the Supplemental Guidance for Assessing 
Dermal Risk to Beryllium. It was stressed to €PA that, although there is not 
a significant source of beryllium at the site, it is one of the primary risk 
drivers for Operable Unit 2 and the outlying areas of Operable Unit 5. A l s o ,  
it was pointed out that the background sampling program may not be 
representative o f  the FEMP soils as indicated by higher frequency of detection 
for beryllium and higher concentrations in "cleaner" areas of the FEMP. As a 
result, it was indicated that beryllium has the potential to drive remedial 
activities for these operable units. 

It was pointed out the dermal exposure pathway was accounting for 
approximately 97 percent to 99 percent of the total dose. 
quantify dose-response from beryl1 ium; therefore, at this time, the dermal 
pathway i s  considered qualitative for beryllium. FERMCO stated that it cannot 
support such significant risk management decisions based on this "qualitative" 
exposure pathway. Therefore, FERMCO informed EPA that the Operable Unit 2 FS 
would be based on the proposed alternative method. EPA was made aware of the 
issues with the dermal pathway; Pat Van Leeuwan stated that she would look 
into these issues based on a "California Study" on values for dermal contact 
and that she will also contact Environmental Criteria and Assessment Office 
(ECAO) . 

No data exists to 

ODerable Unit 3 Baseline Risk Assessment 
Rob Janke, DOE-FN, discussed the need for a baseline risk assessment for 
Operable Unit 3 with €PA. 
been decided upon for the buildings, DOE sees no need for a baseline risk 
assessment. DOE also offered to move the schedule forward. €PA agreed, but 
final details will be worked out with further meetings between DOE and €PA. 

He stated that since an interim removal action has 

- Other 
€PA is still looking into the use of the proper value for total body surface 
area. Final resolution may not be made prior to the Operable Unit 5 RI or FS. 
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DATE: May 24, 1994 

SUBJECT: Review of Oral and Dermal Absorption Factors and Assessment of 
Carcinogenicity by the Dermal Route for Beryllium, for the Feed 
Materials Production CentedFernald, OH 

' 

FR01M: 
Director 
Superfund Health Risk Technical Support Center 

. .  Chemical Mixtures Assessment Branch 

TO: Pat Van Leeuwen 
U.S. EPA 

. Region V 

This memorandum responds to your request for the Superfund Health Risk Technical 
Support Center to reexamine the oral and dermal absorption factors for beryllium. In 
addition, we have assessed the liklihood of beryllium inducing cancer by the dermal route. 

Please find attached the following Risk Assessment Issue Paper: 

A ttachment Risk Assessment Issue Paper for: Review of Oral and Dermal 
Absorption Factors and Assesment of Carcinogenicity by the 
Dermal Route for Beryllium (CASRN 7440-41-7) 

Please contact the Superfund Health Risk Technical Support Center at (513) 569-7300 
with any additional questions. 

cc: 1. Konz (52046) 



Attachment 

DRAFT #2 (94-029/05- 12-94) 

Risk Assessment Issue Paper for: 
Review of Oral and Dermal Absorption Factors 

and Assesment of Carcinogenicity by the Dermal Route 
for Beryllium (CASRN 7340-41-7) 

BERYLLIUM ABSORPTION AND CXRCINOGENTCITY BY THE DERMAL ROUTE 

Information from the recent Drinking Water Criteria Document (U.S. EPA, 1991) 
and the Toxicological Profile for Beryllium (ATSDR, 1993) were consulted. SRC performed 
and screened updated literature searches on the following databases: TOXLINE and 
Cancerline:. 199 1-present (cancer strategy with dermal keywords) and MEDLINE, 199 1- 
present (cancer strategy). No cancer studies of beryllium exposure by the dermal route were 
identified. Additional searches were conducted for recent information on oral and dermal 
absorption of beryllium on the following databases: MEDLINE and TOXLINE, 1965- 
present. No new studies on the oral or dermal absorption of beryllium were identified. 

ORAL A N D  DERhlAL ABSORPTION 

Although it is generally accepted that little beryllium is absorbed when exposure 
occurs orally or dermally (Reeves, 1989; U.S. EPA, 1991; ATSDR, 1993), there are few 
studies designed specifically to examine beryllium absorption. These studies are limited by 
the use o i  small groups or' animals. low recovery of beryllium, and single dose or short-term 
duration. In addition. there is considerable uncertainty because absorption of beryllium mav 
be dose-dependent. may vary with age, nutritional status and exposure to other metals. and 
will likely vary depending on gastrointestinal contents (e.g., empty or with food). 

Oral Absomtion 

Reeves (1965) administered male Sprague-Dawley rats (41group) 0, 3.3 or 33 ppm 
beryllium sulfate in drinking (tap) water for up to 24 weeks. Average daily intake as 
determined by the authors was 0, 6.6 and 66.6 pg beryllium. One rat/group was sacrificed 
at 6, 12, 18 and 24 weeks of exposure and the heart, lungs, kidneys, spleen, gastrointestinal 
tract, one femur, blood and part of the liver analyzed for beryllium. Urine and feces were 
collected daily, but excretion data are reported in detail only for the sacrifice intervals above. 
Recovery of beryllium (total output as measured in organs, urine and fecedtotal intake) at 6- 
24 weeks was 7647% in the low dose group and 60-91 % in the high dose group. NO 
explanation was given by the author for the low recovery, although adherence of beryllium to 
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the drinking water vessel or the methods used to quantitate beryllium in tissues and excreta 
(spectrographic) might account for some of the losses. Feces contained 96-99% of the 
recovered beryllium, suggesting that most of the beryllium passed through the gut 
unabsorbed. Other explanations for the high fecal beryllium content (e.g., excretion of 
absorbed beryllium) were not examined. Oral absorption, estimated as the beryllium 
measured in organs plus unndrecovered beryllium, was 0.9-3.6% in the low dose group and 
0.3-0.6% in the high dose group. The author postulated that ingested beryllium is mostly 
likely absorbed in the acidic environment of the stomach, where it is in the ionized form, and 
passes through the intestines as the precipitated phosphate because of the neutral pH. 
However, there are no data that localize beryllium absorption to a specific area of the GI 
tract. 

Furchner et ai. (1973) intubated male Sprague-Dawley rats (6Igroup) and RF mice 
female (IYgroup), and fed male beagles (4/group) a gelatin capsule, and male Macuca 
spcciosu monkeys (3/group) a sugar cube, with a single dose of radioactive beryllium 
chloride. Retention of radioactive beryllium was measured in excreta, whole body and tissue 
for up to 3 days following oral administration. Groups of rats (6/group), mice (12/group) 
and dogs (4/group) of the same sex and female monkeys (3/group) of the same species were 
given a single intravenous dose of radioactive beryllium. In addition, groups of rats and 
mice were given single intraperitoneal doses of radioactive beryllium. Retention of 
radioactive beryllium was measured for 239-273 days or 364-380 days in those animals 
injected intravenously or intraperitoneally, respectively. Beryllium was more rapidly lost 
(shorter half-life) in all species when beryllium was administered orally than when 
administered parenterally. Two-day cumulative excretion in rats receiving the single 
intragastric dose was 0.11 % and 104.7% in the urine and feces, respectively. Urinary output 
was 0.21, 0.38 and 3.71%, and fecal output was 98.42, 108.83 and 102.41% in mice, dogs 
and monkeys, respectively, 1-2 days following oral administration. - gut  absorption from the short-term urinary data to be 0.6%. (The value of 0.6% was used 
by U.S. EPA (1991) to determine an oral quantitative risk estimate by a route-to-route 
extrapoiation from the inhalation route in support of the estimate determined using data from 
Schroeder and Mitchener (19751). Cumulative urinary and fecal excretion at 6-7 days in 
animals dosed parenterally indicate that fecal excretion of bevllium occurs, although to a 
lesser extent (1/10 to 1/3 depending on the species) than urinary excretion. Comparison of 
excretion amongst the exposure routes suggests that if beryllium were absorbed when 
ingested. a small fraction might be excreted through the feces. This implies that some 
approaches taken to estimate oral absorption using only urinary measures or assuming all gut 
beryllium was unabsorbed may underestimate absorption. 

, 

The author estimated 

Furchner et al. (1973) also quantitated the distribution of radioactive beryllium in 
bone (femur), viscera, pelt and muscle at 2, 4, 6 and 8 weeks of exposure in 16 male 
Sprague-Dawley rats after daily oral ingestion of a radioactive beryllium saccharin-glucose 
solution. At all time points, the bone retained more than 40% of the body burden. The 
author estimated gut absorption in rats from this study to be approximately 0.4%, based on 
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the ratio of urinary to fecal excretion assuming no excretion of absorbed beryllium into the 
feces. 

In a study designed to compare the distribution of radioactive beryllium when adhered 
to carbon particles and when in a beryllium chloride solution (dissolved in Tween 80), 
LeFevre and Joel (1986) separately administered both forms by single dose gavage (dose not 
specified, 0.25 mi volume) to weanling and aged female Swiss albino mice. Distribution of 
radioactivity was measured in whole gut with contents, liver, lungs, kidneys, mesentery with 
lymph nodes, blood, carcass, feces and urine at 4 hours, I ,  2, 5 and 14 days (8 midage 
group at each time point) following administration. Radioactivity was highest in the whole 
gut in both age groups at all time points with both forms of beryllium, suggesting to the 
authors that there was rapid passage of unabsorbed beryllium. In nonintesunal tissues (liver, 
lungs, kidneys, mesentery, blood and eviscerated carcass), 50.3% and <0.01% of the 
administered radioactivity was reported in mice receiving beryllium chloride and beryllium- 
carbon particles, respectively. These data indicate that uptake of beryllium following 
intragastric administration is small. 

Information from toxicokinetic and animal toxicity studies suggest beryllium is 
absorbed when ingested. The lesser acute toxicity of beryllium by the oral route than when 
administered by other routes has  been attributed to its low intestinal absorption (U.S. EPA. 
199 1). Subchronic and chronic animal studies have shown reduced body weights following 
oral administration of beryllium (U.S. EPA, 1991). Effects of beryllium on the bone include 
rickets (Branion et al., 1931; Guyatt et al., 1933; Kay and Skill, 1934; Businco, 1940), 
although this has been postulated to be the result of an indirect effect of the interaction of 
beryllium with phosphate (U.S. EPA, 1987) and/or with alkaline phosphatase (U.S. EPA, 
1991). Animal studies using oral administration have shown that ingested beryllium is 
widely distributed, primarily to the bone, lung, liver and kidney (reviewed in U.S. EPA, 
1991; ATSDR, 1993), and accumulates mainly in  the skeleton (Reeves, 1965; Furchner et 
al., 1973). Concentrations were highest in bone, liver and kidney in people occupationally 
exposed to beryllium (Tepper et al., 1961). The physicochemical state of beryllium 
determines the main site of deposition when administered to animals by injection (U.S. EPA. 
1987; U.S. EPA, 1991); soluble beryllium distributes to the skeleton (Uemperer et d., 
1952). Beryllium is distributed to the bone following intravenous, intramuscular or 
intraperitoneal injection into rats (Crowley et al., 1949; Klemperer et al., 1952; Furchner et 
al., 1973) and intratracheal administration in rats (Spencer et al. 1972). Beryllium sulfate 
administered to rats in the drinking water (Reeves, 1965) or as an aerosol to rats and guinea 
pigs (Zorn et al., 1977) showed skeletal uptake of beryllium. When administered orally or 
by inhalation to rats, beryllium appears to be excreted primarily in the feces (U.S. P A ,  
1991). These studies support the hypothesis that beryllium can be absorbed following oral 
exposure, albeit to a small degree, and can distribute throughout the body to produce an 
adverse health effect. 

Given the constraints of the database, and relying on the data of Reeves (1965) and 
Furchner et al. (1973), it appears that an estimate of 1 % for the oral absorption of beryllium 
is reasonable. 



Dermal Absomti On 

It is generally accepted that beryllium absorption through unbroken skin, even 
following prolonged or repeated contact, adds insignificant amounts of beryllium to the body 
(U.S. EPA, 1991; ATDSR, 1993). There are no definitive studies to refute this contention. 
It has been suggested, however, that beryllium absorption through open wounds can be 
substantial (Le., 12-27% in 24 hours) (Ivannikov et al., 1982). 

8 

Contact dermatitis from occupational dermal exposure in humans is well-known (U.S. 
EPA, 1991; ATSDR, 1993). Delayed hypersensitivity reactions have also been shown in 
guinea pigs following dermal or intradermal sensitization (U.S. -A, 1991; ATSDR, 1993). 
In a study designed to examine the delayed allergic reaction of beryllium, Belman (1969) 
reported that beryllium binds to tissue protein, nucleic acids and alkaline phosphatase in 
guinea pig epidermis in virro. Further investigation is needed to associate these findings with 
local or systemic toxic effects. 

- .  
Petzow and Zorn (1973) measured the absorption of aqueous beryllium chloride and 

radioactive beryllium chloride solutions through the tail skin of rats (other details not 
provided), distribution to organs (muscle, kidney, liver, lung, spleen, blood, heart, stomach, 
intestine), and excretion in urine. Beryllium was detected in all organs examined, indicating 
it was absorbed through the skin and eliminated in the urine and feces. i 

Studies in animals wherein beryllium was injected intradermally or subcutaneously 
suggest that beryllium, if it can penetrate the epidermis, could be distributed to sites distant 
from the skin. The following studies demonstrate the effects associated with subcutaneous 
injection: 

Man and Burnell (1973) intradermally injected guinea pigs (sex not specified) 
biweekly for 12 weeks with aqueous solutions of beryllium sulfate. Following sensitization. 
animals were sacrificed (number not specified). Histological lesions in the lung and 
hemosiderin and focal hyperpiasia in the spleen were noted. 

Moritz et al. (1982) injected guinea pigs intradermally with 10 pg/injection of 
beryllium fluoride twice per week for 6 weeks. Beryllium was found in mononuclear cells of 
the lung but not in that cell type in the spleen or blood. 

Sakaguchi et al. (1993) subcutaneously injected male JCL:ICR mice with radioactive 
beryllium chloride (0.5 pg/mouse). Excretion in urine and feces and distribution in h e r ,  
kidneys, spleen and femurs of radioactive beryllium were measured at days 1 (91group) and 7 
(4/group) following injection. Recovery of beryllium was 88%. At day 1, 1.5% and 24% 
of the recovered beryllium was detected in the feces and urine, respectively. At day 7, 2.8% 
and 37% of the recovered beryllium in feces and urine was detected. The authors suggested 
that the beryllium measured in the feces could be due to contamination of the feces with 
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urine due to their collection method. The highest concentration of beryllium was detected in 
the femur with lesser concentrations in the liver, kidneys and spleen at both time points. 

With essentially no data available, a dermal absorption value for beryllium cannot be 
determined. The sparse data for other metals suggests that 1 % dermal absorption for 
beryllium is likely to be appropriate. Hammersuom (1993) concludes that default values of 
1% for dermal absorption of inorganics seems reasonable. 

BERYLLrtTM CARCINOGEMCITY 

The U.S. EPA carcinogenicity assessment for beryilium is on IRIS (U.S. EPA, 
1994). 
consensus. As delineated in Chapter 7 of U.S. EPA (1989), information on IRIS supersedes 
all other sources and precludes the need to consult other sources for toxicity information, 
such as those discussed in the Siipplenienral Grridance IO [lie Risk Assessment Work Plan 
Addendum, -Beryllium Guidance. June 1992 (FEMP, 1994). 

Information on IRIS is extensively peer-reviewed and represents an Agency 

Beryllium is classified as a B2, probable human carcinogen, based on inadequate 
evidence in humans but sufficient evidence in animals. The human studies on beryllium- 
exposed workers, all based on the same basic cohort, are considered inadequate because of 
deficiencies, such as the lack of adjustment for smoking, that limit any definitive conclusion 
as to an association between beryllium exposure and lung cancer. . 

Sufficient evidence of carcinogenicity in animals is based on the induction of lung 
cancer via inhalation in rats and monkeys, and of osteosarcomas in rabbits reported in 
numerous studies via intravenous or intramedullary injection. Additionally, an increase in 
grossly observable tumors in rats and an increase in leukemiadlymphomas in mice receiving 
beryllium in drinking water (although not statistically significantly elevated), and an increase 
in reticulum cell sarcomas in rats fed beryllium in the diet, have been reported. While each 
of the animal studies has  limitations, taken as a whole, the findings of lung cancer and 
osteosarcoma in several species, exposed by several routes, in numerous studies, and the 
findings of tumors at distant sites following oral ingestion, provide sufficient evidence that 
beryllium is carcinogenic in animals. 

In genotoxicity tests, beryllium has produced both positive and negative findings 
depending on the solubiiity of the compound and the test system (U.S. EPA, 1991; ATSDR, 
1993; U.S. EPA, 1994). While beryllium does not induce mutations in bacteria and yeast, it 
has been shown to cause gene mutations, chromosomal aberrations and sister chromatid 
exchange in mammalian somatic cells (U.S. EPA, 1991). 

Quantitative risk estimates for beryllium by both the inhalation and oral routes are 
available on IRIS. The oral quantitative estimate is derived from a chronic drinking water 
study in male rats wherein an increase, although not statistically significant, in gross tumors 
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of all sites combined was found. EPA acknowledges limitations in this estimate in the 
Discussion of Contidence for the oral quantitative estimate on IRIS. The Drinking Water 
Criteria Document for Beryllium (U.S. EPA, 1991), the supporting document for the IRIS 
summary, states that 'I.. .no definitive evidence exists that correlated the ingestion of 
beryllium with tumor appearance since it has not been tested o d l y  at the MTD." U.S. EP.4 
(1991) cautions in the use of the quantitative estimate due to the severe limitation in the 
derivation. 

Thus, while the evidence suppons the probability that beryllium by the oral route is 
carcinogenic in humans, the quantitative estimate of risk for oral exposure is highly uncertain 
and likely conservative. 

DERMAL CARCINOGEMCITY 
. .  

The weight-of-evidence for the B2 classification. probable human carcinogen. for 
beryllium has been considered and verified by the EPA's CRAVE Work Group and is on 
IRIS (U.S. EPA, 1994). Similarly, IARC (1987) has classified beryllium in Group 2A 
(human data limited. animal data sufficient), and the U.S. DHHS (1991) lists beryllium and 
certain beryllium compounds as having sufficient evidence of carcinogenicity in expenmend 
animals. 

In the weight-of-evidence classification of carcinogens by EPA, provisions are not 
made for separate categorization by route of exposure. Unless a substance has been 
demonstrated not to be a carcinogen by a particular route, in order to be protective of human 
health, i t  is assumed that if a chemical has carcinogenic potential by one exposure route, it 
also has carcinogenic potential by other routes. 

Beryllium compounds can produce lesions on the skin at the point of contact. 
Whether these lesions can progress to tumors has not been directly investigated. When 
administered subcutaneously or intradermally in animals. beryllium is distributed throughout 
the body. While little beryllium may be absorbed derrnally, based on the nonthreshold 
assumption, any amount absorbed may pose a potential risk. Given that animal studies by 
various routes of exposure provide evidence of tumor production at a site distant from the 
portal of entry, it is not unreasonable to speculate that dermal exposure to beryllium could 
also produce distant site tumors. 
beryllium, any exposure to beryllium theoretically would represent some finite risk. 

Since no threshold dose has been demonstrated for 
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ASSESSMENT OF RISK FROM DERMAL EXPOSURE TO BERYLLIUM a 
Issues: 

. Beryllium was not an important constituent in the source mnreriais nor was 
it an important process constituent used onsite. The maximum 
concentration detected of beryllium in residues (OU4 - Silo 3) was 39.9 
mg/Kg, waste pit contents (OU1- Pit 4) was 50.6 mg/Kg, inactive flyash 
pile (OU2) was 8.7 mg/Kg, and in surface soils (OU5 - Production Area) 
was 5.7 mg/Kg. 

. However, exposure to beryllium in soil accounts for between 25% to over 
65% percent of the total risk in OW. Beryllium is also one the principle 
constituents contributing to risk from exposure to so& outside of the 

- . production and waste storage areas in OU5. The pathway contributing the 
majority to overall risk is dermal contact. 

* I  Background risk to beryllium, using EPA Part A (Appendix A) and 
ECAO default vdues (1 % GI absorption and 1 % dermal absorption) and 
a representative background concentration of 0.6 mg/Kg, yields a risk of 
2.2 x 104, for the on-property farmer. Thus, beryllium poses the highest 
risk from background for inorganic chemicals, and compared to 
background risk to radionuclides, beryllium is only exceeded by radium- 
226. 

The risk-based PRG for beryllium in mil is 0.0028 mg/Kg for the on- 
property farmer and 0.025 mg/Kg for the expanded trespasser. PRLs are 
indistinguishable from background. 

. A review of methods from EPA Part A and using ECAO proposed values 
suggest that the intake from dermal exposure to beryllium accounts for 
over 95 % of the total risk for the RME on-property farmer, and over 99 96 
for the expanded trespasex. These observations, however, appear to 
conflict with existing data on dermal absorption of beryllium. A literature 
review suggests that absorption of beryllium through the skin is 
insignificant and this pathway is not expected to be important considering 
the physical properties of beryllium. 
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EXAMPLE CALCULATIONS FOR BERYLLIUM 

1.0 EXAMPLE CALCULATIONS FOR DERMAL CONTACT AND INCIDENTAL 
INGESTION OF SOIL BASED ON DEFAULT PARAMETER VALUES 

This section presents example calculations for calculating the incremental lifetime cancer risk from 
exposure to beryllium in soils. This example uses default exposure parameter values used for the FEW 

for both the OU4 'and OU1 RI/FSs. 

- 

1.1 Dermal Contact with Beryllium in Soil 

An incremental lifetime cancer risk from dermal contact with beryllium in soil is calculated by 
first calculating a dermally applied dose with the equation: 

where: DAD, = 

SA = 
AF = 
ABS, = 
E F  = 
E D  = 
CF = 
BW = 
AT = 

cs, = 
Dermally absorbed dose for beryllium from contact with soil (mg/Kg/day); 
Concentration of beryllium in soil (mg/Kg); 
Surface area for dermal contact (cm2/event); 
Soil-adherence factor to skin (mg/cm'); 
Soil dermal absorption factor (unitless); 
Exposure frequency (eventdyr); 
Exposure duration (years); 
Unit conversion factor ( lod Kg/mg); 
Body weight (Kg); and 
Averaging time (days). 

Default values for these parameters are as follows. 

concentration for beryllium in surface soils will be used for this example. 

For illustration purposes, the background 

DAD, = 
cs, = 

SA = 

AF = 

ABS, = 

E F  = 
ED = 
C F  = 
BW = f 

[calculated below] (mg/Kg/day); 
0.6 mg/Kg [representative background concentration for beryllium in surface 
soils]; 
5,750 cm'/event [25% of 95" percentile value for body surface area of 23,000 
cm' from Dermal Assessment Guidance, @PA 1992)); 
1 mgkm' [maximum of range from 0.2 to 1 from Dermal Assessment Guidance, 
(EPA 1992)]; 
0.01 (unitless) [value for beryllium from ECAO, memo from Joan Dollarhide to 
Pat VanLeeuwen, July 21, 19931; 
350 eventslyr [from Risk Assessment Work Plan Addendum (DOE, 1992)l; 
70 years [from Risk Assessment Work Plan Addendum (DOE, 1992)]; 
lod Kg/mg; 
70 Kg; [default value for adult from Superfund Risk Assessment Guidance @'A 



1989)] and 
25,550 days [default value for assessing incremental lifetime cancer risk from 
exposure carcinogenic compounds assuming 70 year lifetime from Superfund 
Risk Assessment Guidance (EPA 1989)J. 

AT = 

Substitution of these default parameters into Equation 1 gives a DAD, as follows: 

I 
I 

a 
I 

(0.6 mg/&) (5,750 cm2) (1 mg/cm2) (0.01) (350 dlyr) (70 yrs) (109 
(70 Kg) (25,550 d) 

(2) DAD, = 

or: 

DAD, = 4.73~10" (3) 

The incremental lifetime cancer risk (ILCR) from exposure to beryllium via dermal contact is 

calculated with the equation: 

lLCRkrk = DAD, 1: CSF,,k (4) 

where: CSF,,,, = Cancer slope factor for beryllium for dermal contact based on absorbed 
dose (mg/Kg/day)-'. This dermal cancer slope factor must be calculated 
from an oral CSF. For constituents that the cancer slope factor is based 
on an absorbed dose, no adjustment on the oral CSF is needed for the 
dermal CSF. For those constituents where the oral CSF is based on an 
administered dose, the dermal slope factor is calculated based the 
following equation: 

where: CSFd = Oral cancer slope factor (mg/Kg/day)'; and 
GI,, = Gastrointestinal absorption factor (unitless). 

The oral CSF for beryllium was based on a drinking water study on male rats (ATSDR, 1991), thus an 

adjustment should be made from an administered to absorbed dose. ECAO recommended a GI, of 0.01 

for beryllium (memo from Joan Dollarhide to Pat VanLeeuwen, July 21, 1993). Thus, by substituting 

the oral CSF of 4.3 (EPA [IRIS] 1994) and a GIABS of 0.01 into Equation 5, a dermal slope factor of 430 

is obtained. Therefore, the ILCR from dermal exposure to background concentrations of beryllium in 

surface soils is calculated as: 



ILCR,,  = 4 . 1 3 ~ 1 0 - ~  (mglKglday) * 430 (mg/Kg/day))-' 

or: 

ILCRkrm = 2.03x10-' 

1.2 Incidental Ingestion from Soil 

The ILCR from incidental ingestion of beryllium in surface soil is calculated by first calculating 

the lifetime'average daily intake as follows: 

- where: I,,, - 

- IR - 
FI - 
EF = 
ED = 
CF = 
BW = 
AT = 

- 

Lifetime average daily intake of beryllium from incidental ingestion of surface 
soil (mg/Kg/day); 
Incidental ingestion rate of soil (g/day); 
Fraction ingested from the contaminated source (unitless); 
Exposure frequency (daydyr); 
Exposure duration (years); 
Conversion factor (10'  Kg/g); 
Body weight (Kg); and 
Averaging time (days). 

Default values for these parameters are as follows. 

concentration for beryllium in surface soils will be used for this example. 

For illustration purposes, the background 

- IR - 
FI - 
EF = 
ED = 
CF = 
BW = 

- 

AT = 

[calculated below) (mg/Kg/day); 
0.6 mg/Kg [representative background concentration for beryllium in surface 
soils]; 
0.18 g/day [value calculated for the RME farmer, Draft OU1 RI (DOE 1994)l; 
1 [assumes 100% exposure to contaminated soils from source]; 
350 eventslyr [from Risk Assessment Work Plan Addendum (DOE, 1992)l; 
70 years [from Risk Assessment Work Plan Addendum (DOE, 1992)l; 
10' Kg/g; 
70 Kg; (default value for adult from Superfund Risk Assessment Guidance @PA 
1989)] and 
25,550 days [default value for assessing incremental lifetime cancer risk from 
exposure carcinogenic compounds assuming 70 year I ifetime from Superfund 
Risk Assessment Guidance (EPA 1989)J. 

Substitution of these default parameters into Equation 8 gives an intake rate from incidental ingestion of 

soil as follows: 



or: 

I&& = 1 . 4 8 ~ 1 0 ~  

The incremental lifetime cancer risk (ILCR) fr0.m exposure to beryllium via incidental ingestion 

of soil is calculated with the equation: 

ILCRhgr = Zkk * CSF,,,,,& (1 1) 

Substituting-the proper values gives: 

ILCR,, = 1 . 4 8 ~ 1 0 ~  (mg/Kg/dizy) * 4.3 (rng/Kg/day)-' 
d. 

or: 

ZLCRhgm = 6.36~10-~ 

Thus, a concentration of 0.6 mg/Kg of beryllium in surface soils (background) yields an ILCR for dermal 

contact of 2.03 x lo4, an ILCR of6.36 x lod for incidental ingestion, for a combined total of 2.1 x Io-*. 
A comparison of the ILCR from dermal contact to the ILCR from incidental ingestion suggests that the 

dermal pathway contributes approximately 97 % to the total ILCR. 

2.0 EXAMPLE CALCULATIONS FOR DERMAL CONTACT AND INCIDENTAL 
INGESTION OF SOIL BASED ON PROPOSED PARAMGTER VALUES 
This section presents example calculations for calculating the ILCR from exposure to beryllium 

in soils using proposed parameter value for the dermal absorption rate for beryllium from soil. 

2.1 Dermal Contact with Beryllium in Soil 

An incremental lifetime cancer risk from dermal contact with beryllium in soil is calculated using 

Equation 1. Default values for these parameters are as follows. However, the value for ABSk was 

changed from 0.01 (1 %) to 0.001 (0.1 %), according to an agreement made at a meeting between DOE- 

FN and EPA-Region V on July 7, 1994. Parameter values used for this calculation are: 



DAD, 
csee 

SA 

AF 

ABS, 

EF  

ED 
CF 
BW 

AT 

. .  

[calculated below] (mg/Kg/day); 
0.6 mg/Kg [representative background concentration for beryllium in 
surface soils]; 
5,750 cm2/event [25% of 95* percentile value for body surface area of 
23,000 cm'from Dermal Assessment Guidance, (EPA 1992)]; ~ ~ 

1 mg/cm2 [maximum of range from 0.2 to 1 from Dermal Assessment 
Guidance, (EPA 1992)]; 
0.001 (unitless) [proposed value for beryllium from meeting between 
EPA-Region V and DOE-FN, July 7, 1994); 
350 eventslyr [from Risk Assessment Work Plan Addendum (DOE, 
1992)); 
70 years [from Risk Assessment Work Plan Addendum (DOE, 1992)]; 
lo6 Kg/mg; 
70 Kg; [default value for adult from Superfund Risk Assessment 
Guidance (EPA 1989)] and 
25,550 days [default value for assessing incremental lifetime cancer risk 
from exposure carcinogenic compounds assuming 70 year lifetime from 
Superfund Risk Assessment Guidance (EPA 1989)l. 

I Substitution of these default parameters into Equation 1 gives a DAD& as follows: 
- 2  

DAD, = (0.6 mg/Kg) (5,750 cm2) (1 mg/cm2) (0.001) (350 d/yr) (70 ym) (103 (14) 
(70 Kg) (25,550 d) 

or: 
\ 

DAD, = 4.73x10-* 

The ILCR from exposure to beryllium via dermal contact is calculated with Equation 4. 

Therefore, by substituting the dermal applied dose from beryllium (DAD&) and dermal cancer slope 

factor for beryllium (CSFb,& into Equation 4 gives an ILCR from dermal exposure (assuming 

background concentrations) of: 

ILCRhr& = 4 . 7 3 ~ 1 0 - ~  (mg/Kg/day) * 430 (mg/Kg/duy))-' (16) 

or: 

ILCRhr& = 2.03x10-' 

2.2 Incidental Ingestion from Soil 

The ILCR from incidental ingestion of beryllium in surface soil is calculated using Equations 8 

to 13. DOE-FN is not proposing to use alternative parameter values for incidental ingestion of beryllium 



from soil. Thus, the intake of beryllium from background concentration in soil via incidental ingestion 

is 1.48 x lod with an ILCR of 6.36 x lob. 

The concentration of 0.6 mg/Kg of beryllium in surface soils (i.e., background) yields an ILCR 

for dermal contact of 2.03 x lo', an ILCR of 6.36 x lob for incidental ingestion, for a combined total 
of 2.7 x loJ. A comparison of the ILCR from dermal contact to the ILCR from incidental ingestion 

suggests that the dermal pathway contributes approximately 76% to the total ILCR using the proposed 

value of 0.001 for the dermal absorption rate (ABS&>. 

3.0 SUMMARY AND CONCLUSIONS 

As illustrated by the example calculations using default parameters, the dermal exposure pathway 

to soil for beryllium is assumed to contribute 97% to the total risk. DOE feels that this conclusion is 

contradictory to current knowledge regarding beryllium toxicokinetics. ECAOs literature review (memo 

from Joan Dollarhide to Pat VanLeeuwen, July 21, 1993) clearly states the following points: 

.. 

. .  

1) 

2) 

"It is unlikely that beryllium is absorbed through intact skin. " (page 54) 

"Because of the chemical propenies of beryllium, it is unlikely rhat signifcant amounts 
could be absorbed through the skin." (page 54-55) 

Therefore, DOE-FN concludes that the default values proposed by ECAO do not provide results that are 

consistent current knowledge of beryllium absorption. The use of the proposed value of 0.001 (0.1%) 

for dermal absorption rate (ABS), which is a default value for metals, although reduces the significance 

of dermal contact with beryllium, it still appears to overestimate the significance from the dermal 

exposure pathway. Thus, DOE-FN proposes to evaluate the contribution to the ILCR for beryllium from 

the dermal exposure pathway from soil by assuming its contribution is equal to that from the oral route 

(Le., incidental ingestion) until more definitive data can be obtained for this route of exposure. This 
method is viewed as conservative considering the carcinogenic effect under consideration are an increased 

incidence of tumors in male rats from ingestion of beryllium in drinking water. For this effect to occur 

from dermal contact, absorption across the epidermis would be required. 
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SUMMARY OF RISK-BASED PRELIMINARY REMEDIATION GOALS 
FOR BERYLLIUM IN SOILavb 

% 

Carcinogenic Effects Systemi 
Toxicity 

HI=0.2 Risk Level= 104 10-5 104 
Land Use Scenario Receptor ( m g W  (mglKg) (mg/Kg) (mglKg) 

Agricultural RME Farmer 0.048 0.48 4.8 NA 
Child NA NA NA 55 
CT Farmer 0.98 9.8 98 540 
Consumer MeatlMilk 0.22 2.2 22 970 

CommercUndustrial Groundskeeper 0.42 43.2 42 650 

Recreational 
. _  

Developed Park 0.97 9.7 97 4,200 
Undeveloped Park 1.5 '15 150 6,500 
Wildlife Reserve 1.8 18 180 7,900 - .  

Government Reserve Trespassing Youth 6.7 67 670 4,900 
Expanded Trespasser 2.1 21 210 5,700 

Notes: 
'Supplemental Guidance to the Risk Assessment Work Plan Addendum (Supplement No. 94-013) states that oral d o s e  
response factors should be used, without adjustment, for assessing risk from dermal exposure pathway 
bAssurnes a particulate dust concentration of 2 x 10' glm', the default value for Operable Unit 5. 
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1.0 OBJECTIVE 
This policy provides guidance for establishing the speciation of chromium in surface 
soils at the Fernald Environmental Management Project (FEMP). This information is 
necessary for the evaluation of potential risks from exposure to chromium present in 
site surface soils. 

2.0 SUPPLEMENTAL GUIDANCE 
As a result of sampling and analysis of representative surface soils, risk assessment 
efforts at the FEMP should assume a range of values from 1 to 10 percent hexavalent 
chromium (chromium VI), the carcinogenic species, for total measured chromium. The 
remaining percent (90 to 99 percent) is assumed to be trivalent chromium (chromium 
111), the noncarcinogenic species. This value is conservative when compared to actual 
sampling results and represents a site-specific assumption that will be protective of 
human health and .th.e .environment. 

3.0 SUPPORTING INFORMATION 
Soil demonstratina levels of total chromium elevated above regional background levels 
has been detected at the FEMP. The particular form of chromium present is an 
important issue for risk assessments because chromium V I  is a hazardous oxidation state 
of chromium due to its toxicity, carcinogenicity, and mobility. Small concentrations 
of chromium V I  can be much more significant than high levels of chromium I 1 1  due to its 
carcinogenicity. 

Unlike chromium 111, chromium V I  is a known human carcinogen. Occupational 
epidemiologic studies of chromium-exposed workers are consistent across study 
populations and show that dose-response relationships have been established for 
chromium exposure and lung cancer. There are no long-term studies of ingested 
chromium VI in humans (U.S. Department of Health Services 1991). In contrast, chromium 
I 1 1  is an essential trace nutrient participating in glucose and cholesterol metabolism. 

The inhalation cancer slope factor obtained from the Integrated Risk Information System 
(IRIS) (EPA 1993) for chromium V I  is 42 milligrams per kilogram per day (mg/kg/day)-', 
which is based upon a unit risk factor of 0.012 micrograms per cubic meter (ug/m'). 
Chromium V I  is also significantly more toxic than chromium 111. The oral reference 
dose for chromium V I  is 0.005 mg/kg/day. This is 200 times lower than the lmg/kg/day 
reference dose for chromium 111. 

When estimating risk posed to potential human receptors due to chromium exposure from 
solid matrices such as soil or waste, it is necessary to determine the proportion of 
chromium I 1 1  to chromium IV chromium present at the exposure point(s) for the 
receptor(s) undergoing evaluation. 

Standard analytical investigations conducted on sol id matrices usually report "total 
chromium" concentration but do not routinely analyze for the proportion of chromium V I  
in relation to total chromium or chromium 111. Without information regarding the 
speciation of chromium in the soil/waste being evaluated, risk calculations routinely 
assume that 100 percent of the total chromium detected exists in the more toxic 
hexavalent state. Use of this assumption may result in considerable overestimation 
o f  potential risks associated with exposure to chromium. , ,  
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Surface soil sampling and analysis was conducted at the FEMP to obtain site-specific 
information to, address this issue. Approximately 20 surface soil samples were 
collected from Operable Unit 1 and analyzed for both total chromium and chromium VI 
(Table 1). The Operable Unit 1 area was chosen for representative sampling due to 
consistent detects of chromium which were relatively high in comparison to chromium 
detects noted elsewhere at the site. The concentrations of total chromium and chromium 
V I  in soil were determined using EPA SW-846 method 3060, "Alkaline Digestion," and 
method 7195, "Co-precipitation". The results are presented in Table 1 and indicate 
that chromium V I  contributed less than 1.5 percent of the total chromium detected in 
the representative soil samples obtained from the site. 

Environmental transformation of chromium species is dominated by the cycling of 
chromium I 1 1  and chromium V I  via reduction-oxidation reactions. Subsequent 
interactions and .reactions in the environment are related to the physical or chemical 
properties of the reduced (chromium 111) or oxidized (chromium VI) species. Chromium 
I 1 1  compounds are hydrolyzed readily to form insoluble compounds such as chromium 
hydroxides [Cr(OH),]; thus, precipitation and dissolution are the predominant reactions 
affecting levels of chromium I 1 1  in soils. Chromium V I  exists mostly as an ionic 
chromate (Cr04-2) and bichromate (HCr04-) in alkaline soils. As an ionic compound, the 
most important reactions affecting chromium V I  levels in soil are adsorption and 
desorption. Therefore, chromium V I  can be much more mobile in soils than chromium 111, 
especially in soils with high pH levels. The reduction of chromium V I  is enhanced by 
low pH (Cary 1982). In most surface soils, chromium will be present predominantly in 
the form of chromium 111. 



TABLE 1 
SPECIATION OF CHROMIUM IN SURFACE SOIL 

SUMMARY OF ANALYTICAL RESULTS 

Sampling Total Cr Cr VIa Cr VI Percent Cr VIb Percent 
Location (mg/Kg) (mg/Kg) Qualifier Cr VI (mg/Kg) Cr VI' 

SP-1 14.3 0.067 0.47 0.067 0.47 
SP-2 13.9 0.07 0.50 0.07 0.50 
SP-3 13 0.07 0.54 0.07 0.54 

SP-3A 10 0.07 0.70 0.07 0.70 
SP-4 8.43 0.06 U 0.71 0.03 0.36 
SP-5 7.31 0.06 U 0.82 0.03 0.41 
SP-6 8.1 0.06 U 0.74 0.03 0.37 
SP-7 4.4 0.06 U 1.36 0.03 0.68 
SP-8 5.29 0.06 U 1.13 0.03 0.57 
SP-9 8.43 0.06 U 0.71 0.03 0.36 
SP-10 5.94 0.06 U 1.01 0.03 0.51 
SP-11 6.1 1 0.06 U 0.98 0.03 0.49 
SP-12 - 9.35 0.067 0.72 0.067 0.72 
SP-13 6.61 0.06 U 0.91 0.03 0.45 
SP-14 6.9 0.06 U 0.87 0.03 0.43 
SP-15 6.91 0.06 U 0.87 0.03 0.43 
SP-16 9.45 0.06 0.63 0.06 0.63 
SP-17 4.57 0.06 U 1.31 0.03 0.66 
SP-18 6.63 0.06 U 0.90 0.03 0.45 
SP-19 5.42 0.08 1.48 0.08 1.48 
SP-20 4.21 0.06 U 1.43 0.03 0.71 

Average 0.895 % 0.568% 
STD 0.30 
UCL 1.39 % 

Total Cr = total chromium 
Cr VI = hexavalent chromium 
U = undetects for hexavalent chromium in sample 
STD = standard deviation 
UCL = upper confidence limit - 95 percentile 
a Values for undetected hexavalent chromium samples include the detection limit. 

Values for hexavalent chromium include half the detection limit for undetected samples. 
' Percentages were calculated using half the Cr VI detection limit for undetected samples. 

' 
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1.0 OBJECTIVE 
At a meeting between the U.S. Department of Energy (DOE) and the U.S. Environmental -- . 
Protection Agency (EPA) on July 7, 1994, to discuss and resolve comment responses to 
the Operable Unit 1 Remedial Investigation (RI) report, verbal agreement was received 
from EPA Region V on several issues pertaining to risk assessments at the FEMP. The 
soil ingestion rate used for the reasonable maximum exposure (RME) and central tendency 
(CT) farmers was one of the issues resolved. In general, EPA agreed upon the soil 
ingestion rates presently being used in the FEMP risk assessment calculations. 
However, EPA stated they would like the supporting text for these parameters to clearly . 
indicate that these parameters are assumptions and to no longer reference the Operable 
Unit 4 RI report as the source of these parameters. 

- This guidance provides the text to be used for describing both the soil ingestion rates 
and the outdoor .exposure times for the CT and RME farmers to be used in risk 
assessment calculations at the FEMP. 

2.0 SUPPLEMENTAL GUIDANCE 
The followinq text and table will be used in future risk assessments to support and 
document the-derivation of the soil ingestion rates used for the RME and CT.farmers. 
This text was taken from the change pages submitted with the Operable Unit 1 RI comment 
response document. The changed text corresponds with original comment number ll(40) 
from Pat Van Leeuwen (EPA) and has received verbal approval from EPA Region V. 

"The literature was consulted to determine an appropriate soil incidental 
ingestion rate for a farmer. However, no default values were found. Therefore, 
this value was estimated assuming the following: 

Soil ingestion rate on days while tilling, plowing, planting or 
harvesting would assume a higher average daily value of 0.48 glday 
from EPA default exposure assumptions (EPA 1991). 

For all other activities, an average daily soil ingestion rate of 
0.1 g/day will be used. 

To determine the amount of time a farmer is engaged in the described activities, 
a review of farming parameters (farm size and crop configuration) were conducted 
for Hamilton County. The 1987 Census of Agriculture (U.S. Department of Commerce 
1989) indicates that 1,284 of the 1,364 farms in Hamilton and Butler counties (95 
percent) are under 500 acres (5 percent are 500 acres or above). Therefore, 500 
acres was selected as the RME farm size. The soil ingestion rate for the CT 
farmer was based on similar farm configuration but using an average (CT) farm 
size of 125 acres (U.S. Department of Agriculture 1976; 1979). To determine the 
times associated with farming, a farmer was assumed to follow recommended 
agricultural practices for the region. A farmer is assumed to rotate this crops 
and plant 35 percent (175 acres) in  corn, 35 percent in soybeans, 20 percent (100 
acres) in wheat, and 10 percent (50 acres) in hay. It must be acknowledged that 
this configuration is a typical configuration and may represent an average value 
because each crop has a different time associated with field preparation, 
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planting, and harvesting. However, data is not available to determine a RME 
configuration. Therefore, an alternative configuration could result in a 
slightly higher or slightly lower exposure. The RME farm size of 500 acres was 
assumed to be adequate to compensate for this uncertainty. 

Table 1 presents the detailed calculations for soil ingestion rate for the RME 
and CT farmers. The U.S. Soil Conservation Service Field Technical Guide (U.S. 
Department of Agriculture 1992) indicates that a farmer spends about 1.24 hours 
per acre farming corn, 1 hour per acre farming soybeans, 1.28 hours per acre 
farming wheat, and 2.73 hours per acre farming hay. Assuming the farm 
configuration described above, an RME farmer would spend approximately 660 hours 
farming (plowing, discing, planting, and/or harvesting). An additional 20 
percent is added to this time to account for miscellaneous activities and the 
uncertainty with the farm configuration described above to give a total of 800 
hours or 100 working days. Therefore, it is assumed that a farmer would 
incidentally ingest 0.48 glday o f  soil for 100 days per year spent tilling the 
soil and 0.1 glday for the remaining 250 days per year. This results in a 
combined average ingestion rate of 0.18 gramslday for 350 days per year, assuming 
an average (CT) farmer has a soil ingestion rate of 0.120 g/day." 

The text provided below should be used in future FEMP risk assessments to describe and 
document the derivation of the external exposure times for the RME and CT farmer 
receptors. 

"The total gamma exposure time assumed for the on-property RME farmer is 24 hours 
per day, 350 days per year, for 70 years. However, the exposure time per day was 
divided into two exposure times: exposure time outdoors (ETout), which assumes no 
shielding factor, and exposure time indoors (ET,,), which assumes a shielding 
factor of 0.5. 

The RME adult farmer scenarios constructed for this profile assume the receptor 
works outside of the residence for 2000 hours per year. Spreading this time over 
the 350 days per year of on-site exposure yields an average outdoor exposure time 
of 5.7 hours per day. This leaves an indoor exposure time of 18.3 hours per day 
for this receptor. Thus, about 25 percent of the receptor's time on site is 
spent outside of the residence. These values apply to both the off-property RME 
resident adult farmer and the on-property RME resident adult farmer. The on- 
property RME resident child i s  assumed to spend only 2 hours per day outdoors, 
for a total of 700 hours per year. ~ 

It is assumed that the CT resident adult farmer is exposed outdoors for 1,152 
hours (equal to 48 days of continuous exposure) out of the 275 days spent within 
the boundaries of the operable unit each year (EPA 1993). This is equivalent to 
an average exposure time of 4.2 hours per day. It is assumed that the CT 
resident adult farmer is exposed outdoors for 275 days per year, which is 
equivalent to 1155 hours of outdoor exposure in a year. This leaves an indoor 
exposure time of 19.8 hours per day for this receptor. Thus, about 20 percent ' 

of the receptor's time on site is spent outside of the residence. These values 
apply only to the CT receptor." 



TABLE 1 
CALCULATION OF SOIL INGESTION RATE FOR RME AND CT FARMER 

Farm Size (acres) 
Acreage in corn 

Acreage in soybeans 
Acreage in wheat 

Acreage in hay 
Hours farming corn 

Hours farming soybeans 
Hours farming wheat 
Hours farming hay 

TOTAL: 
Hours Farming (Total + 20%) 
Days spent farming . 
Years farming 
Ingestion rate while farming 
Soil Ingestion farming 

Days not farming 
Years farming 
Ingestion rate for adult 
Soil Ingestion not farming 

Days for child 
Years as a child 
Ingest rate for child 
Soil Ingestion for child 

Days per year 
Years not farming 
Ingest rate for adult 
Soil Ingestion - not farming 

RME Farmcr 
500 RME farm size (95* percentile) 
175 acres 
175 acres 
100 acrcs 
50 acrcs 
217 hrstyr 
175 hrstyr 
-128 hrstyr 
136.5 hrs& 
656.5 hrstyr 
800 hours 
100 daystyr 
50 years 

0.48 dday 
2400 g 

250 dnyslyr 
50 ycnrs 
0.1 ddny 

1250 g 

350 dayslyr 
6 years 

0.2 gkl:ly 
420 g 

35% 
35 % 
20% 
10% 
1.24 hrs/acre 

1 hrs/acre 
1.28 hrs/acre 
2.73 hrs/acre 

350 days& 
14 ycnrs 
0.1 g//tiny 
490 g 

Soil ingestion over a lifetime 

Avg. Daily Soil Ingest. Rate 

4560 gllifctime 

0.18 g/day 

CI' Farmer 
125 CT farm size (50* percentile) 
44 acres 
44 acres 
25 acres 
13 acres 
54 hrstyr 
44 hrstyr 
32 hrstyr 
34 hrstyr 
164 hrsiyr 
200 hours 

50 years 
25 days& 

0.48 g/day 
600 g 

325 daysiyr 
50 years 
0.1 g/day 

1625 g 

350 daysiyr 
6 years 

0.2 g/day 
420 g 

350 daysiyr 
14 years 
0.1 g/hY 
490 g 

' 3135 gilifetime 

0.12 g/day 

35% 
35% 
20% 
10% 
1.24 hrs/acre 

1 hrs/acre 
1.28 hrs/acre 
2.73 hrs/acre 
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3.0 SUPPORTING INFORMATION 
None 

1 

4.0 REFERENCES 
U.S. Department of Commerce, 1989, "Census of Agriculture, Geographic Area Series, Part 
35, Ohi'o, State and County-Data," Bureau of the Census, Washington, DC. 

U.S. Department of Agriculture, 1992, "Revised Field Office Technical Guide," Soil 
Conservation Service, Cincinnati, OH. 

U.S. Department of Agriculture, 1979, "Soil Survey of Hamilton County, Ohio," Soil 
Conservation Service, Cincinnati, OH. 

. . .  

U.S.  Department of 'Agriculture, 1976, "Soil Survey of Butler County, Ohio," Soil 
Conservation Service, Hamilton, OH. 

U.S. Environmental Protection Agency, 1991, "Human Health Evaluation Manual, 
Supplemental Guidance: Standard Default Exposure Factors, 'I OSWER Directive 9285.6-03, 
Office of Emergency and Remedial Response, Washington, DC. 

U.S. Environmental Protection Agency, 1993, "Superfund Standard Default Exposure 
Factors for Central Tendency and Reasonable Maximum Exposure," Prel iminary Draft, May 
5, 1993. 

. 
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1.0 OBJECTIVE 
This guidance defines the required number of significant figures agreed upon by the 
U.S. Department of Energy (DOE) and the U.S. Environmental Protection Agency (EPA) for 
presenting risk calculations in remedial investigation/feasibility study (RI/FS) and 
Comprehensive Response Action Risk Evaluation (CRARE) reports submitted to the 
regul atory agencies . 

TOXICANT A 
TOXICANT B 
TOXICANT C 

TOTAL H I  

2.0 SUPPLEMENTAL GUIDANCE 
All risk calculations presented for both hazard index (HI) and incremental lifetime 
cancer risk (ILCR) in summary tables will be presented to two significant figures. All 
detailed risk calculations presented in supporting data tables (i  .e., attachments) must 
be presented to at least two (i.e.., two or more) significant figures. The following 
examples present summary tables using two significant figures and demonstrate that the 
totals in the summary table may be slightly higher or lower than the results of the 
supporting data. 

RECEPTOR HQ 

1.2 

0.60 

9.5 

11 

ExamDle 1: 

TOXICANT A 
TOXICANT B 
TOXICANT C 

TOTAL H I  

SUPPORTING DATA 

VALIDATED RESULTS 
1.236 

0.604 

9.513 

11.353 
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RECEPTOR A" RECEPTOR B 

CARCINOGEN A 3.4 x 4.4 x 1 0 - ~  
CARCINOGEN B 2.5 x 2.2 x lo-' 
CARCINOGEN C 1.6 x 4.5 x lo-' 

r TOTAL ILCR 7.6 x 5.1 x 10 -~  & 

EXAMPLE 2: SuDDor t ina  D a t a  

SUPPORTING DATA 
VALIDATED RESULT VALIDATED RESULT 

RECEPTOR A RECEPTOR B 

CARCINOGEN A 3.42 X 4.41 x 1 0 - ~  
CARCINOGEN B 2.54 X lom6 2.23 X lo-' 
CARCINOGEN C 1.66 X 4.51 X lo-' 

- - TOTAL ILCR 7.62' X 5.084 X 

3 .0  SUPPORTING INFORMATION 
This  p o l i c y  i s  based on f i n a l  comment r e s o l u t i o n  between EPA and DOE concerning r i s k  
c a l c u l a t i o n s  i n  t h e  D r a f t  F ina l  Operable Uni t  1 R I  r e p o r t  (dated February 1994) 

4.0 REFERENCES 
U.S. Department o f  Energy, " D r a f t  F i n a l  Operable U n i t  1 Remedial I n v e s t i g a t i o n  Report," 
FEMP, Remedial I n v e s t i g a t i o n  and F e a s i b i l i t y  Study, Fernald, OH, DOE, Fernald F i e l d  
O f f i c e ,  Fernald, OH. 
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1 .O OBJECTIVE 
The National Continqency Plan of 1990 (NCP) [40 C.F.R. Part 300 (EPA 1990)] states that 
prel iminary remediation goals (PRGs) are -to be developed and evaluated for the 
receptor- specific incremental lifetime cancer risk (ILCR) range of lo-" to This 
"target risk range" is used when evaluating selected land use alternatives in the FS 
and is discussed in the Supplemental Guidance to the Risk Assessment Work Plan Addendum 
(RAWPA), Number 94-009. 

Tiered order-of-magnitude risk levels are established for individual constituents of 
concern (COCs). A t  many Superfund sites, multiple COCs exist; additionally, within the 
U.S. Department of Energy (DOE) weapons complex, mixed waste (the presence of both 
radiological and chemical contaminants) is prevalent. To evaluate the presence of 
multiple COCs and remain within the regulatory framework that directs cleanups, a 
consistent approach i s  required to account for potential multiple COC risk impacts. 

2.0 SUPPLEMENTAL GUIDANCE 
Utilizing information generated in a operable unit-specific baseline risk assessment, 
a comprehensive COC list is prepared for the COCs attributable to the operable unit 
according to Supplemental Guidance to the RAWPA, Number 94-002. After exposure point 
concentrations are calculated for COCs in relevant pathways, risk quantification is 
conducted on target receptors and reference receptors are selected for consistency with 
projected future land use of the operable unit. 

Risks attributable to individual COCs are then added numerically to ,yield combined 
total ILCR and hazard index (HI) risks to the target receptors. For the purposes of 
conducting a feasibility study (FS), a method must be defined that will: 

0 eliminate contaminants that have been defined as constituents of potential 
concern (CPCs)/COCs but do not contribute significantly to risk. 

I 

0 reduce the number of constituents on CPC/COC list while retaining all of the 
significant contaminants that need to be addressed in the cleanup. 

prioritize contaminants for the purpose of remediation planning and strategy. 

establish a method of quantifying risk attributable to residuals and determine 
a maximum Dotential risk ranqe to target receptors in the post-remedial phase o f  
the cleanup. 

0 

0 

3.0 SUPPORTING INFORMATION 
The following are ten steps to determine the maximum potential risk range from the 
impact o f  multiple COCs in the FS process: 

1. Develop a comprehensive list of operable unit-specific COCs per the 
Supplemental Guidance to the RAWPA, Number 94-002. 

2. In the operable unit-specific baseline risk assessment, risks are 
calculated for a set of evaluated receptors. These hypothetical receptors 
should be adequate in number to represent the entire range o f  possible 
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land uses on the site. Receptors used in the remedial investigation 
(RI)/FS process at the FEMP are defined and their parameters are described 
in the Supplemental Guidance to the RAWPA, Numbers 94-006 and 94-008. 

,"' 3 .  

4. 

5. 

6. 

7. 

8. 

For each receptor evaluated in the context of the R I  baseline risk 
assessment, risk-based PRGs are developed for each COC in considered 
media types at and ILCR risk levels as required by 
the NCP. Standard practice has been to simultaneously evaluate an 
HI of .2 concurrently with these three ILCR levels. The HI value 
will supersede one or more ILCR risk level(s) if this value is more 
protective. 

Using the risk-based PRGs as a starting point, modifications are 
considered to these values by influencing factors such as cross-medi a 
impacts, applicable relevant and appropriate requirements (ARARs), and 
other site specific factors as described in the Supplemental Guidance to 
the RAWPA, Number 94-009. The goal of PRG/PRL development in the FS 
process is to derive cleanup standards for all established COCs that are 
protective o f  human health and the environment. 

A subset of the total number of receptors evaluated in the baseline risk 
assessment is designated as representing projected land use objectives in 
the FS. Target on-site receptors may represent activities such as 
residenti a1 /farming, commerci a1 /industri a1 , recreational , and trespassing. 
The sole target off-site receptor scenario evaluated for. the Fernald 
Environmental Management Project (FEMP) is resident i a1 /farming due to the 
current agricultural environment surrounding the site. 

Major risk drivers are determined for the target receptors chosen to 
represent land use objectives in the FS. This is done by returning to the 
respective RI baseline risk assessment and selecting the list of COCs 
responsible for 95 percent of the calculated risk for each target receptor 
that is designated in the FS alternatives. This is accomplished 
separately for carcinogens (ILCR) and toxicants (HI). 

All of the COCs defined in this manner are compiled into lists of 95 
percent risk drivers for each target receptor. These receptor-specific 95 
percent risk driver lists are then pooled into a master list of 95 percent 
drivers for all key receptors designated in the FS. Due to the probable 
additivity of COCs across receptors, this master 95 percent list will 
normally incorporate COCs that are responsible for more than 95 percent of 
the risk for any individual receptor ,and exclude, for purposes of this 
evaluation, numerous COCs that are responsible for little or no risk to 
target receptors evaluated in the context of the operable unit FS. 

PRLs are established for each COC equating to a projected maximum risk 
level that will be consjdered for target receptor(s). If the projected 
risk level i s  established at then by design, every COC will have a 
maximum Dotential risk level which will not exceed 1 x assuming the 



* , T i t l e :  
Operable U n i t  5 F e a s i b i l i t y  Study 

Use o f  t he  R isk  Range Concept When Consider ing M u l t i p l e  COCs i n  t h e  

exposure p o i n t  concentrat ions do n o t  exceed the PRL. I n  f a c t ,  a PRL i s  
meant t o  be used as an upper l i m i t  o f  t he  contaminant i n  t h e  r e s i d u a l  
media, n o t  an average concent ra t ion .  Average concent ra t ions  o f  
contaminant i n  each media w i l l  be determined by dens i t y  and d i s t r i b u t i o n  
o f  a n a l y t i c a l  data and o ther  s t a t i s t i c a l  cons iderat ions.  

9. When the  l i s t  o f  major r i s k  d r i v e r s  i s  f i n a l i z e d ,  i t  can be used t o  
e s t a b l i s h  a "maximum o o t e n t i a l  r i s k  ranqe" o f  m u l t i p l e  COCs us ing  
developed PRGs/PRLs. This  'can be viewed as the  maximum t h e o r e t i c a l  
r e s i d u a l  r i s k  value f o r  FS a l t e r n a t i v e  development. 

E f f e c t i v e  Date: November 30, 1994 

10. By summing the  r i s k s  o f  i n d i v i d u a l  COCs on the  master 95 percent  r i s k  
d r i v e r  l i s t  and adding 5 percent t o  t h e  t o t a l  value t o  compensate f o r  t h e  
remaining 5 percent, a maximum D o t e n t i a l  r i s k  ranqe t o  t a r g e t  recep to rs  
can be der ived  which should be w i t h i n  the  r i s k  range (depending on 
s i t e  s p e c i f i c  cond i t ions) .  as s t i p u l a t e d  i n  O f f i c e  o f  S o l i d  Waste and 
Emergency Response (OSWER) D i r e c t i v e  No. 9355.0-30. A gener ic  example i s  
g iven  i n  Attachment 1. 
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4.0 REFERENCES 
U.S. Environmental Pro tec t ion  Agency, 1990, "Nat ional  O i l  and Hazardous Substance 
P o l l u t i o n  Contingency Plan; F ina l  Rule," 40 C.F.R., Par t  300. 0 



ATTACHMENT 1 

MASTER LIST OF 95 PERCENT RISK DRIVERS 

COC A 
COC B 
COC c 
COC D 
COC E 
COC F 
COC G 
COC H 
COC I 
COC J 
COC K 
COC L 
COC M 
COC N 

~ C O C  0 
COC P 

Sum o f  16 COCs @ l ~ l O - ~  ILCR 1 . 6 0 ~ 1 0 - ~  ILCR 
add 5 percent  t o  a d j u s t  f o r  95 percent  0 . 0 8 ~ 1 0 - ~  ILCR 

MAXIMUM POTENTIAL R I S K  RANGE 
\ 

1 . 6 8 ~ 1 0 - ~  I LCR** 

Because I x ~ O - ~  i s  a maximum r i s k  l e v e l  r e f l e c t e d  by t h e  PRG and i s  a " n o t  
t o  exceed" va lue,  t h e  a c t u a l  maximum would be l e s s  (e.g., no g r e a t e r  t h a n  

Th is  i s  t h e  maximum D o t e n t i a l  r i s k  ranqe t h a t  c o u l d  n o t  be exceeded under  
the  FS scenar io .  The a c t u a l  c a l c u l a t e d  r i s k  would prove t o  be lower  due 
t o  f a c t o r s  d e s c r i b e d  above. I n  o r d e r  t o  be considered w i t h i n  t h e  
acceptable r i s k  range, t h i s  maximum p o t e n t i a l  r i s k  va lue  should n o t  
t ranscend t h e  4 ~ 1 0 - ~  ILCR s t i p u l a t e d  i n  OSWER D i r e c t i v e  9355.0-30 
(Attachment 2 ) .  

9.9x10-6). 
.. 
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SUWECT: Rolo of the Baseline Risk Assossment in SuDerfund 

mon : 

TO : Directors, Waste nanagamcnt Division 
Regions I, I V ,  V, VII, VI11 

Director, Emergency and Remedial Response Division 
Region I1 

Directors, Hazardous Waste Management Division 
Regions 111, VI, IX 

Director, Hazardous Waste Division, 
Region X 

mrRQ&a 
I 

Tho purposo of this memorandum is to clarify the role of the 
baseline risk assessment in developing Superfund remedial 
alternatives and supporting risk manaqcment decisions. 

Specifically, tho following points are made in the memorandum: 

o Where tho cumulative carcinaqenic site risk to an individual 
based on reasonable maximum e x p y r e  for both current and 
future land use is less than 10. , and the non-carcrnoqenic 
hazard quotient is less than 1, action generally is not 
warrantod unless there are adverse environmental impacts. 
However, if XC& o r  non-zero M C U s  are exceeded, action 
generally is warranted. 

o Other chemical-specific ARARo may i l s o  be used to determine 
whether a site warrants remcdiatibn. 

0 

o A r i s k  nanagy may also decide that a baseline r i s k  level 
less zhan 10. i a  unacceptable due to site specific reasons 
and that remedial action is warranted. 

REPROMlCED BY 
U.S. DEPARTMENT OF COMMERCE 

MTKMY TECHNICAL 
INFORMAW SERVICE 
SPRINGFIEU). VA 22161 
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o Compliance with a cbemical-specific W qcncralLy 21:: =e  
considered protective even if it is outsrde the r i s k  racqc 
(unless there are extenuatzng circunstances suck a s  exposzre 
to multiple contarninants or pathways of e x p o s u r e ) .  

0 The uFper boundary of the risk range i s  E X  a discrete 1rt.e 
at 1 x although EPA generally uses I x : 3 * -  L.? zak:.?q 
r i s k  manaqement decisions. A specific risk estiaate arct;.ts! 
lo'' may be considered acceptable if ;ustrfied Lased o n  
site-specific ccnditions. 

exposure factors and the need for remedial action if 
baseline risks are within the generally acceptable r i s k  
ranqe. The ROD should also include a table listing the 
final remediation t~oals and the corresponding risk level fzr 
each chemical of ctr.ccrn. 

o The ROD should clrarly justify the use of any non-standard 

The 1990 National Contingency Plan ( K P )  (55 Fed. R e q .  8665- 
8865 (Mar. 8, 1990)) calls f o r  a site-speci:rc tase1ir.e r i s k  
assessment to be conducted, as appropriate, as part of the 
remedial investigation (Section 300.430(d) (1)). Specifrcally. 
the NCP states that the baseline risk assessment should 
ncharacterize the current and potential threats t~ hu=an 5calrk 
and the environment that may be posed by contaminants mrgrati.?3 
to ground water or Surface water, releasing to air, leacktaq 
through soil, remaininq in the soil, and bioaccxzula=rng i n  t k e  
food chain" (Section 300.430(d)(4)). The prizary Furpose of tte 
baseline r i s k  as8essment 1s to provide r i s k  zanaqers ui=k an 
understanding of the actual and potential risks t3 huaan health 
and the  environment posrd by the site and any uncertainties 
associated with the assessment. This infomation ztay be useful 
in determining whether a current o r  potential threat t o  huzan 
health o r  the environmont exists that vazrants remedial acticn. 

Thm m'Risk A8se88ment Guidance for Superfund: Volunr I. 
Human Health Evaluation Manual - Part A" (HHEX) (EPA/SQO/:- 
89/002) provides quidance on how to conduct the huxan health 
portion of the baseline risk assessment. Voluzc ;I 3f t h e  " R i s k  
Assessment Guidance for Superfund" the "Envircn-ental Evaluaticn 
Manual" (EPA/540/1-89/001) and the companion nanual. "Ec3foqicaL 
Assessment of Hazardous Waste Sites: A F i e l d  and Laboratzry 
Reference" (EPA/600/3-89/013) provide guidance on conductinq t.?e 
environmental portion of the  baseline risk assessaunt. Other 
pertinent guidance includes the "Guidance f o r  Conducting Re=ed:,a. 
Investigations and Feasrbilfty Studies Under C E R C U n  ( R f / F S  
guidance, EPA/54O/G-69/004) vhich describes hou the baseline 
r;sk assessment fits i n t o  thm ovarall R I / F S  process. "Guidance 
on Preparing Superfund Docision Documents" ( R O D  quidance) 



3 

(EPA/624/1-67/001) provides i n f o m a t i a n  c.? how t 3  d o c u z c n t  t 2 e  
results of the basmline risk a s s a s s ~ e n t  .in tae ROD.  

The o b j e c t i v e  of t h i s  memorandua is =a p r o v l i e  fs:rt:er 
guidance on how t o  us8 the b a r o l i n e  risk asshss,’.ent r3 zske r r s k  
=lanagement d e c i s i o n s  such a s  d e t e r n i n i n q  vhcther  r e z e d i a l  a c t t t r .  
under C E R C U  S e c t i o n s  104 o r  106 is necessa ry .  T3is -ez:rands= 
a l so  c i a r i i i a s  t h e  use of t h e  baseline r i s k  a s s e s s x t n t  i n  
s 8 l e c t i n q  a p p r o p r i a t e  remedies under ZLXCUi  S a c t i c n  12:. F t o z = t e s  
c o n s i s t e n c y  i n  prepar inq  r i t e - s p e c i f i c  r i s k  a s re s rnenes ,  and 
h e l p 8  e n s u r e  t ha t  appropr ia te  docummntation f r o s  t h e  b a s e l i n e  
r i s k  a8sm8sment is included. i n  Superfund remedy s e l e c t i o n  
documents. 

RISKS WARRANTING REWEDIAL A C T I O N  

Uhenmvar there is a releaom or s u h s t a n t l a l  :?.reat ,-f release 
of a hazardous  subs tance  i n t o  the  enviranment  ( C r  a r e l e a s e  or 
threat  of release i n t o  t h e  envrronmant of a p o l l u t a n t  o r  
contaminant  “Vhrch may present an immrn8nt and s u b s t a n t i a l  C a R c e r  
to p u b l i c  hea l th  o r  we l fa re* ) ,  S e c t i o n  1 0 4 ( a )  (1) of CERCUI 
provide8  &PA with the a u t h o r i t y  t o  tak8 any response a c t i o n  
c o n s i s t e n t  w i t h  tho National Cont inqency Plan it deans nccessar-; 
to protect p u b l i c  h e a l t h  or voltare or the environment. Sect:== 
106 of C E R C U  g r a n t s  EPA t.Le a u t h o r l t y  to r e q u i r e  p o t e n t i a l l y  
r e s p o n r i b l 8  p a r t i e 8  (or  o t h e r s )  to p e r f o m  renoval c r  reatdial  
a c t i o n s  “vhon t h e  Pres ident  d a t 8 m t n e s  that there zay be an 
imminent and s u b s t a n t i a l  endanqeraent  t o  the pub l l c  k e a l t h  o r  
w8 l fa ra  o r  t he  environmant b8CaU.e of  an actual o r  tkrearened 
releas. of a haz8rdous subs tance  f t on  a f a c i l  i t y  . 

As a q e n e r a l  policy and i n  order t o  o p e r a t e  a u n i f i e d  
Superfund proqram, EPA g e n e r a l l y  uses th8 r e s u l t s  of t h e  base1:r.e 
r i s k  assr88ment  to establish the ba8is f o r  t ak inq  a remedial 
a c t i o n  u s i n g  either S8CtiOn 104  or LO6 a u t h o r i t y .  EPA =ay use 
t h e  result8 of the bas8l ino  risk asses smen t s  t o  d e t e r u i n e  uhet.?er 
a relea88 o r  thr8aten.d releasa posms an unacceptab le  r i s k  t o  
husan h e a l t h  o r  the environmmnt t h a t  v a r r a n t s  r e c e d l a l  a c t i o n  aE5 
to determine if a site p r e s e n t s  an iaminent  and s u b s t a n t r a l  
endangerm8nt. The r i s k  ars8ssment  ae thodoloqy for a l l  s i t e s  
should b8 t h e  Sam. roqa rd le s s  of v h e t h e r  t h e  RI/FS o r  remedial 
d e s i q n  and  remedial actLon is porfor=led by EPA o r  p o t e n t r a l l y  
r e s p o n s i b l e  p a r t i e s .  

a C u P u l a t i v e  s i t e  r i s k  t o  an i n d i v r d u a l  u s inq  reasonable  Etax1Z-z 
exposure  a s s u y t i o n s  f o r  either c u r r e n t  r,r f u t u r e  land US. 
exceud8 t h e  10  lifetime excesr c a n c e r  r i s k  end of  the risk 

G e n e r a l l y ,  vhero the b a a o l i n e  r i s k  a s s e s s n e n t  i n d i c a t e s  t k a t  
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z c n t r o l s  o r  f e n c e s  u r l L  acczun t  f o r  risk redzct:an. . -&  - n.- 

noncarcrnoqenic  e f f e c t s  o f  t o x i c a n t s ,  u n a c c e p t a b l e  Y L S K  cc=zzs 
%hen exposures  exceed l e v e l s  which  reFresent ,  ccr=eczzzcrzr : s  t: 
y h i c h  t k e  huzan p o p u l a t i o n ,  1nc ludi r .q  sensiz: '/e sucq:zxps, -ay z 
exposed v i t k o u t  a d v e r s e  e f f e c t  d u r x q  a l i f e t i - e  C T  ;a== z f  3 
I i f e t L z e ,  a s  appropr:ate t3 a d d r e s s  t e r a t z g e n z c  and  d=veL==-erz i  
ef  f e c z s .  

Chemrcal s p e c r f i z  s t a n d a r d s  t h a t  def i ze  2ccec:=r le r:~.: -. 
: eve ls  : e . g . ,  non-zero !??cLSs, ?!?cLs) a l s o  -ay ce  lisea ~2 ?ere--:: 
:zet..".er an exposure  L S  a s s o c r a t e i  xi:: a n  :z=c=ictzrls r1s.c :- 
kuzan kea l t . ' :  o r  =he e n v i r c x e n t  and ;;;ether rer.eo:zl :c=i:~: -:=E 
Seczrsn  1 0 4  o r  1 0 6  is v a r r a n t e d .  For  g z = u ~ d  ;;a:er :ctrSf.S, .V.CLi 
and non-zero MCLGs i d i l l  g e n e r a l l y  be u s e d  t3 qauge *-*nether  
remedial  action is warranted. ,  
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compliance w i t h  tho v i l l  generally be considered Protcctrve 
even if it 18 outside the risk ranqe (unless there a r e  
extenuating circumstances such as exposure to zulZLgle 
contz-ainants or pathways of exposure). Conversely, in Certaif. 
rituarions EPA may determine that r i s k s  Less than 
1 x 10' arm not sufficiantly protective and warrant rezed2al 
action. 

ifhero currant condition8 have not resulted in a release 
posinq risks that varrant action but there is a significant 
possibility that a release w i l l  occur that is likely t3 result 3.: 
an unacceptable riskr ramedial action may also be taken. The 
significance of tha potential future release may be evaluated :E 
part ba8.d on tho quantities of material at the s i t e  and the 
environmental setting. 

R I S K S  CONSXDERED IN R I S X  PUNAGEnENT DECISION 

As noted abover both current and reasonably likely future 
risks need to ba considered in order to demonstrate =?.at a s i t e  
doas not present an unacceptable risk to human health and the 
envrronment. An adaquata consideration of future risk zay 
necessitato the a88088mene of  r i s k s  asruminq a land use differezz 
from that vhich currently e X l s t 8  at the s i t e .  The gotentla1 La:$ 
us. associated with tha high8.t level of exposure and rrsk tha: 
can reasonably bo expoctad to occur should be addressed :n t?,e 
oaseline risk assossmont. Furthar, this land use and tfreSe 
exposure a8sumptions should be used in developrnq rezediatzon 
goals. 

land US. a8 rasrdantial in many cases. In qencral, residential 
areas should be assumad to remain resrdcntral: and undeveloped 
areas can be as8um.d to be r8srdential in the future unless sites 
are in areas whero rasidantiaA land use is unreasonable. Often 
the exposure scenario8 based on potentral future residentla1 laEd 
use provide the graatest rrsk asttmates (e .q . ,  reasonable zaxi=xF 
exposura scenario) 8nd 8ra important considerations in decidrzq 
whethat to tako action ( 5 5  Frd. R i q .  a t  8710). 

residential land u8e may not ba justifiable if tfre prokabil1:y 
that tha sit. will support rasidential use in the future is 
small." sitas that are surrounded by operatlnq industrial 
facilities can be a8sumad to remain as rndustrlal areas unless 
there is an indication that this is no t  approprlate. O t h e r  
usesr such as racreational o r  agricultural, may be used. L c  
appropriate. m e n  exposures based on reasonable future land ZSe 
are used to estimate risk. tha NCP prramb:. states that t k e  3C2 
"should includa a qualitativ. assessment of the l?kel'?ocd =>a= 
tha assumed futura land use vi11 occur" (55 Fed. Reg. a t  ST::, 

The preamble to the NCP statas that EPA w i l l  czzsider FuZSre 

Hovwmrr the NCP also states that "the assuzpt:cn of fSt2;re 



SO-ACTZ3N CECZfiONS 

T f  t he  L a s e l i n e  risk assessxenc and :?.e csz.;arrson cf 
expcsure c o n c e n t r a t r o n s  c z  chenicsl-specific star.=i-lrds i . - . i i==:es 
t k a t  t h e r e  is zo unaccep tab le  risk to kuzan healt.". c t  rke 
envirclnment and t h a t  no remedial  a c t i o n  is x a r r a n z e d ,  t k e n  =.'e 
CERC=A S e c t i o n  1 2 1  c l e a n u p  s t a n d a r d s  f z r  s e l e c t i s r .  o f  a Sucerf-::: 
remedy, i n c l u d i n g  t h e  requi rement  t o  meet a p p l i c a b l e  or re1evar.r 
and a p p r o p r i a t e  r equ i r emen t s  (ARARs), are not  t r i ~ g e r e d .  CERCZ-. 
s e c t i o n  1 2 1  ( a )  r e q u i r e s  o n l y  t h a t  t h o s e  remedial  ac t i2 r . s  = f . s C  1 ' C  

are "de termined  t o  b e  necessa ry  . . . under  s e c t i z n  10: =r . . . - - -  . . .  b e  selected i n  accclrdance w i t h  s e c t i o n  121." I f  E I X  
deternines  t h a t  an a c t i o n  is n e c e s s a r y ,  :he r e n e d i a l  dc=:z:: -:LS: 
a t t a i n  ARARs, u n l e s s .  a waiver  is invoked. O f  c s u r s e ,  S ~ = Q S  z.11'- 
do n o t  varrant a c t i o n  under  CERC'J s e c t i o n s  LO: cr L 3 6  ~ 2 - j  
warrant  a c t i o n  under  a n o t h e r  S t a t e  o r  Federal s c a t x t e ,  SUCZ 2s 
RCIU subticcfe 0 requirements f a r  =?.e a F F r s F r i a t e  r l =su ro -  sr' 2 
s o l i d  v a s t e  l a n d f i l l .  

The d e c r s l o n  n o t  t o  take ac tLon a t  an NPL s i r e  ur.2er set::: 
T k e  d e c r s i z n  LO4 and 106 shou ld  a l s o  b e  documented in a ROD. 

documentatron p r o c e s s  shou ld  i n c l u d e  the preparat:=n cf 3 
Fr3posed p l a n  for p u b l i c  comqent, ROD and ever.tzall '{ a c l z s e o s =  
r e p o r t  and Federal Register d e l e t r c n  n o t r s e .  

FOINT OF DEPARTL!,! WHEN ACTION KARUNTE9 

Onc8 remedial a c t i o n  has  been de tec , ;ned  tz te *dar==zzsd, 
the results of  t h a  baseline r i s k  assessment  nay L e  used t3 zcr?rr 
F re l i a ina ry  r emed ia t ion  g o a l s .  These p r e l i s r n a r y  g o a l s  a r e  
developed at s c o p i n g  based on ARARs and t h e  LO" cancer =:sic. 
p o i n t  of departure p u r s u a n t  t o  NCP s e c t i o n  3 0 0 . 4 3 O ( e ) ( t )  (1). 

GOALS 
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su.ch a8 concentrations associated w i t h  l o m 6  cancer risk o r  a 
hazard Wotient q u a l  t o  one fo- noncarcinoqens Calczlated frs- 
!?A toxicity information. These preliminary goals zay be 
modified based on results of the baseline risk assessment, .dhic.? 
clarifies exposure pathways and may identify sitxatrcns vnere 
c*=ulative risk of nultiple contaminants or xultiple exposure 
pathways at the site indicate the need for aore or less strrzqer.t 
Cleanup lovels than those initially developed as Frelininary 
remediation qoalr. In additicn tc being modified kzsed on t k e  
taseline risk 'as888sment, praliminary remeaiatron q=ais and tze 
corresponding cleanup levels may also be modified kased on tze 
given waste manaqement strategy selected at the tize of remedy 
selection that is based on the balancing of the.nine crizeriz 
used for remedy selection (55 Fed.Req. at 8717 and 8718). 

EARLY AND IXTERIH ACTZ3NS 

Early operable unit actions (e.g., h o t  spot renoval ana 
treatment) and interii actions ( c . q . ,  temporary stcrage cr qrczr.5 
water pl.ume containment) nay be taken t o  respond t a  an i:zedrate 
site threat or to take advantage of an opportunlty t 3  
significantly reduce risk quickly (55 Fed. Reg. a t  8 7 0 5 ) .  F o r  
example, an interim containment action may be particularly usefxl 
early in the process f o r  complicated ground water remedial 
actions, wh8re concentrations greater than MCLs provide d good 
indication that remediation of a potential drinkinq *..*ater sourfe 
is necessary: such quick remedial action is iaporzlnt t3 prevenz 
further spread of the contaminant plume while a fizal ground 
wacar remedy io being developed. 

Early and interim action RODS do not require a completed 
baseline risk assersmont, although enouqh infomatron nust S e  
available to demonstrate th8 potential f o r  risk and t5e Reed t= 
trke action. Data sufficient to support the inters action 
decision can b8 extracted from the ongoing R I / F S  f o r  the Site an= 
s e t  out in a focusui feasikility study o r  other appropriate 
document that includes c short analysis of a li=li=ed nuxber cf 
alternatives (55 Fed. Req. at 8704). These data should rnclzde 3 
summary of contaminants of cortcern, concentratlcns and re1evar.t 
exposure information. A discussion should acc=ri:Fany Z.?eSe. data 
explaininq th8 need for immediate remedial act;an kased cn :?.e 
presence of contamination that. if left unaddressed rn t?.e shcrr-  

. t ern ,  aither contributes immediate risk o r  is likely to 
COntribUt8 t o  increased sit8 ri,sk cr. deqradatign cf the 
environment/natural resources. The early and inzeriz dCtL.=n ROES 
should note that some exposure pathuays at the size zay =:2t 9e 
addressed by the action. 

An interim action ROD eventually nust be fclloued by a 
subsequ8nt ROD f o r  that operable uzit based cn :?.e cocplete 
R I / F S ,  that includes t3e baseline risk assesszent, i n  c r 5 e t  t 3  
docamant long-term protection of huian health and :?.e envl~zn-e?.: 
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:he C2z;arative Xnalysrs should lncl:=fe a d r s c ' ~ s s r c n  = f  92: 

The f : s c - ~ s s ~ z r :  c f  z' . 'erz- 

- 6  -h - -  -..e ~ r n e  criferla; consideratizn of T L S K  LS Far= z f  =no- 
iLsc2ssron of several of tZe crrterla. 
ZrctectLon of human health and :ke envl==rxen= sncxLi :~.cl:=.e 2 
irscussron of how the remedy will elimrnate, reduce, o r  c=zcrsi 
r i s k s  identrfied in the baseline r i s k  assessment posed t k z z c 9 ~  
each pat9wc.y and whether exposure levels w i l l  be reduced CJ 

contammated sol1 is identrfied as a signrficant rLsk a c  a s i z e .  
:he ROD (except no-action R O D s )  should indicate how the selec=e.- 
remedy will eliminate or c o n t m l  exposures z3 ensure pr==ectrsn 
sf ?,usan health. The discussron of long-tec, effectrveness an:! 
pemanenca should include, vhere approprrate, an assessZer.'- z f  
the residual r i s k  from untreated resrdual waste rernarn1r.q 3C r:' 
Site. Tlle S C O r t - t e r m  effectrveness disccssron should s: !dZeSS 
r r s k s  during remedial actron t3 those on-srze and nearb:y. 

acceptable Levels.  For example, i f  direct huzlan contacz *drCc -.. 

Finally, that part 
focuses on the selected 

of t9c  
remedy 

Decision Suraary 
should show: 

0 the chemical-specrfic remediation Level and 
corresponding chemical-specific risk level(s) 
attained at the conclusion of :?e respcrse ZC:::?. ar.5 
the points (or area) o f  compliance f a r  :ne z e d s 1  =el:: 
addressed: and 

:= =e 

800%67 
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0 The lead aqency’s basis for the renediatisn levels 
( C . g . ,  risk calculation, ARARs) .  

The attached table, “Remediation Levels and Corresponding R i s k s . ”  
provides a direct means of displayinq this infox.atlon for heal:: 
risks and, where appropriate, environmental protection (Table 1). 
The table should be completed for all media for vhich the ROD 
selects final cleanup levels. The table should s e n e  as a 
summary of text in UIa selected remedy section cf tke ROD 
Decision Summary. For interim action RODS, cnly qualitative 
statements may bu possible. 

role in remedy selection is available from several sources. 
guidance on the baseline risk assessment contacz: 

Additional guidance on the baseline risk assessment and its 
For 

David Bennett, Chief 
Toxics Inteqration Branch (OS-230) 
Hazardous Site Evaluation Division 
Office of Emergency and. Remedial Response 
phone: (FTS) or (202) 475-9486. 

For additional guidance on the interaction of the baseline risk 
assessment and Superfund remedy selection, Contact: 

David Cooper 
Remedial Operations and Guidance Branch !OS-22OW) 
Hazardous Site Control Division 
Office of Emergency and Remedial Response 
phone: (FTS) 398-8361 
(commercial phone: (703) 308-8361) 

For guidance on enforcement-lead sites contact: 

Stephen E l l s  
Guidance and Evaluation BrLnch (OS-510) 
C E R C U  Enf orcomsnt Division 
offico of wasto Programs Enforzement 
phonr: (FTS) or (202) 475-9803. 

NOTICE: The policies sat out in this memorandua are intended 
S O l f t l y  as guidance. 
relied upon, to create any riqhts enforceable by any party in 
litigation with the United State;. EPA officials nay decide 
follow the guidance provided in this memorandun, or ‘ -0 ac= at 
variance with the  guidance, based on an analysis of specific 
circumstances. Remedy selection decisions are naLe and j u s t 1  
on a case-specific bas i s .  The Agency also resemes the r i q h t  
chanqe this guidance at any tima without public notice. 

They aro not intended, nor can they be 

t o  

s i t e  
,fie3 
I L I  . C I  
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Remcdlatioo Gods and Corresponding Mska a 

1 Remedlatloa hlntof 
Medlum Chtmlcal Levela CampU.nce' 

A 2.0 ~ ~ I I I  NI raclllly 
11 17.0 ppiii grounds 
C 5.0 ypni 

Bade 
of cod 

I !I 
Illsk 
GW Illsk 

lUsk 
M U  
MCIX; 
MCI, 

Ecological 
Errecls 

Chemlcd-Spcclflc RME Rhkd 
Cmccr Non-Cancer 

N I A  0.5 

N/A N/A 
1 . 0 ~  1 0 . ~  N /A 

1.0 
1.0 x 10 -li 

N/A 
6.0 x I O  -' 
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1.0 PURPOSE 

This procedure provides the means for performing QA/QC checks on risk 
assessment calculations for Remedial Investigation/Feasibil ity Study 
( R I / F S )  reports at the FEMP. 
verification of Chemicals of Concern (COC) determinations, source-term 
concentrations, exposure pathways, exposure receptors, intake parameters, 
risk equations, risk calculations, and risk-based preliminary remediation 
goal s.  

This procedure will include an independent 

2 . 0  SCOPE 

This procedure applies to Fernald Environmental Restoration Management 
Corporation (FERMCO) personnel, or the appropriate designee, performing the 
QA/QC checks on risk assessment calculations. 

3.0 DEFINITIONS 

Cancer Slope Factor ( S F )  - A plausible upper bound estimate of the 
Drobability of a carcinoqenic response as a result of a lifetime exposure 
'to a chemical or radionuclide. 

Carcinoqen - A chemical or radionuclide that elicits, as its specific 
defining adverse effect, the production of cancer in animals or humans. 

Chemical of Potential Concern (CPC) - A contaminant that i s  site-related 
and may be of concern. 

Chemical of Concern CCOCL - A chemical that has been qualified and selected 
for quantitative risk assessment. The data collected about this'contaminant 
should be of sufficient quality for use in a quantitative risk assessment. 

Dermal AbsorDtion Factor - The relative amount of a substance penetrating 
the skin epidermis and entering the biological system; a unitless fraction 
of an applied dose or a percent absorbed. 

Gastrointestinal AbsorDtion Factor ( G A F )  - The efficiency with which cells 
of the gastrointestinal tract absorb a chemical constituent; unitless, 
expressed 'as a fraction. 

Hazard Index ( H I )  - A summation of hazard quotients (HQs)  expressing the 
hazard of exposure to some chemical in a particular medium. 

Hazard Ouotient (HO) - The ratio of the concentration of a chemical of 
concern to a reference dose that assumes a possible deleterious effect. An 
HQ of one (1) represents the concentration that has been demonstrated to be 
unlikely to cause a deleterious effect to the most sensitive receptor 
during a chronic exposure. 

\ 000174 



~ 

Title: PERFORMING QA/QC CHECKS ON RISK ASSESSMENT 
CALCULATIONS 

I 

1 :  - .  - 8 5 1 2  DOCUMENT NO: RASOP:94-1 
REVISION NO: 0 

Page 5 of 10 

{ F o r  Questions, C o n t a c t  Joe P r i n c e  X 8973) 

3.0 DEFINITIONS (cont.) 

Intake Rate - The measure of exposure expressed as the mass o f  a substance 
in contact with the exchange boundary per unit body weight per unit time 
(e.g. mg/kg/day; P C ~  1 .  

Radionuclide - A chemical atom whose nucleus contains an excess number of 
particles and which undergoes spontaneous disintegration. The emission of 
the excess energy from that nucleus is termed ionizing radiation. 

Reference Dose (RfDI - An estimate of a daily exposure level for the human 
population tha,t is likely to be without appreciable risk of deleterious 
effects during a lifetime. 

Risk Assessor.- The individual or team of individuals who organize and 
analyze site data, develop exposure and risk calculations, and prepare an 
estimate of the human health or environmental risks. 

Soil K,r - A partition coefficient that expresses the ratio of the 
concentration of chemical constituent in the solid and solution components 
of a geological formation in a specific location. 

Toxicant - A chemical capable.of producing a deleterious response in a 
bi ol og i c a1 sys tern . 

Unit Intake Factor I U I F )  - For chemicals, the quantity of a chemical intake 
divided by body weight and duration of time exposed (mg/kg/day); for 
radionuclides, UIF equals the level of activity that a receptor is exposed 
to times the duration of the exposure (pCi x day). 

RESPONSIBILITIES 4.0 

FERMCO’s Environmental P1 anninq (EP) DeDartment independently checks CPC 
determinations, source-term concentration calculations, intake parameters, 
risk equations, and PRG calculations. 
constituents will be verified. 

A minimum of 10 percent o f  the 

5.0 GENERAL 

FERMCO’s  Environmental Planning Department will conduct independent 
checks of  FERMCO and/or subcontractor’s risk calculations using the FEMP 
spreadsheet. In some cases, an alternative method for checking the 
calculations will be used (e.g., a hand calculator, an alternative 
spreadsheet, or an alternative subcontractor). 

Independent checks will be made of r i s k  calculations using the risk 
assessment model developed by the EP Department on risk for selected 
receptors and chemical s for a1 1 exposure pathways. 



5.0 

6.0 

7.0 

GENERAL ( c o n t . )  

The model has been deve loped a c c o r d i n g  t o  t h e  R i s k  Assessment Work P l a n  
Addendum w i t h  a p p r o p r i a t e  enhancements based on c u r r e n t  p o l i c i , e s  and 
g u i d e l i n e s  deve loped  s p e c i f i c a l l y  f o r  t h e  FEMP. The model w i l l  be used  
t o  c a l c u l a t e  s i t e - w i d e  and o p e r a b l e  u n i t  Remedial I n v e s t i g a t i o n  ( R I )  
b a s e l i n e  r i s k  assessment va lues ,  background r i s k s ,  and p r e l i m i n a r y  
remedi a t  i on goa l  s .  

Independent  c a l c u l a t i o n s  w i l l  be conduc ted  f o r '  t h o s e  r e c e p t o r s  and COCs 
c o n s i d e r e d  i m p o r t a n t  f o r  t h e  assessment. C a l c u l a t i o n s  w i l l  be conduc ted  
f o r  a l l  exposure  pathways f o r  s e l e c t e d  r e c e p t o r s .  . I n d e p e n d e n t  
c a l c u l a t i o n s  w i l l  be made f o r  s e l e c t e d  o r g a n i c ,  i n o r g a n i c ,  and 
r a d i o n u c l i d e s  t h a t  a r e  C O C s .  The COCs c o n t r i b u t i n g  t o  t h e  m a j o r i t y  o f  
r i s k  w i l l  be p r e f e r e n t i a l l y  s e l e c t e d  f o r  Q C  c a l c u l a t i o n s .  T h i s  approach 
i s  c o n s i d e r e d  adequate s i n c e  any e r r o r s  made i n  a sp readshee t  f o r  one 
chemica l  and exposure  pathway w i l l  t y p i c a l l y  be r e p e a t e d  f o r  c a l c u l a t i o n s  
made f o r  o t h e r  c o n s t i t u e n t s .  

P a r t i c u l a r  con taminan ts  w i l l  be s e l e c t e d  based on t h e i r  impor tance  t o  t h e  
r e s u l t s  and c o n c l u s i o n s  o f  t h e  r i s k  assessment. They w i l l  be f u r t h e r  
examined based upon t h e i r  known t o x i c i t y  t o  c e r t a i n  t a r g e t  o rgans  and t h e  
exposure  pathway o f  concern .  The r e c e p t o r s  w i l l  be chosen based on t h e i r  
s e n s i t i v i t y  and r e l a t i v e  impor tance  t o  p o t e n t i a l  h e a l t h  e f f e c t s  and w i l l  
be s e l e c t e d  s o  t h a t ,  i n  comb ina t ion ,  a l l  exposure  pathways a r e  
i n d e p e n d e n t l y  c a l c u l a t e d .  . 

P R E R E Q U I S I T E S  

6.1  S u b c o n t r a c t o r s  s h a l l  p repare  and submi t  a q u a l i t y  assurance p l a n  f o r  
a p p r o v a l  by  t h e  Env i ronmen ta l  P l a n n i n g  Depar tment  p r i o r  t o  
c o n d u c t i n g  r i s k  c a l c u l a t i o n s  f o r  b a s e l i n e  r i s k  assessments.  

PROCEDURE 

7.1 CHECKING R I S K  ASSESSMENT DATABASES 

R I S K  ASSESSOR 

1. Check v a l u e s  i n  Databases 1 t h r o u g h  3 (see T a b l e  1, " R i s k  
Assessment Database Summaries") a g a i n s t  v a l u e s  used i n  t h e  r i s k  
assessment sources .  F o r  example, a f t e r  Database 1 i s  c r e a t e d ,  
t h e  v a l u e s  a r e  compared t o  t h e i r  r e f e r e n c e s ,  w h i c h  i n c l u d e  t h e  
I n t e g r a t e d  R i s k  I n f o r m a t i o n  System ( I R I S ) ,  t h e  H e a l t h  E f f e c t s  
Assessment Summary Tab les  (HEAST), t h e  Env i ronmen ta l  C r i t e r i a  
Assessment O f f i c e  (ECAO) g u i d e l i n e s ,  and T o x i c o l o g i c a l  P r o f i l e s .  

dBQO$"G 
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Risk assessment databases include the chemical-specific values 
required for completing risk calculations for all exposure 
pathways. These databases serve as inputs to the FEMP risk 
assessment model. A summary o f  these databases i s  provided below. 
DATABASE 1 Consists of Cancer SFs, RfDs, Gastrointestinal 

DATABASE 2 Consists of Biotic-Transfer Factors. 
DATABASE 3 Consists o f  Dermal Absorption Factors and Soil Kps. 

DATABASE 4 Consists o f  Exposure Point Concentrations. - 

Absorption factors, and Toxicity Equivalent Factors. 

CALCULATIONS 
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7.1 CHECKING RISK ASSESSMENT DATABASES (cont.) 

RISK ASSESSOR 

2 .  Check COC determinations and exposure point concentrations for a 
minimum of 10 percent of the constituents requiring 
verification. 

a. If deviations are found, do the following: 

(1) Recheck the value. 

( 2 )  Correct it if necessary. 

( 3 )  Note any discrepancies found in the risk 
assessment under review. 

- OR 

b. If deviations are not found, check i s  complete. 

TABLE 1 

RISK ASSESSMENT DATABASE SUMMARIES 

7 . 2  PERFORMING INDEPENDENT CALCULATIONS 

RISK ASSESSOR 

1. Independently calculates and checks intakes, risks, and hazard 
quotients on the six selected constituents for selected 
receptors and each pathway using the parameters listed in the 
risk assessment. 

000177 
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7.2 PERFORMING INDEPENDENT CALCULATIONS (cont.) 

RISK ASSESSOR 

2. Compare the calculated and reported intakes from the report. 

3 .  Compare calculated and reported cancer risk and hazard quotients 
from the report. 

4 .  Note any discrepancies that exceed 10 percent between calculated 
and reported Val ues. 

5. Attempt to determine the source of differences'by comparing 
observations among all chemicals and all receptors. Some common 
problems encountered include incorrect exposure parameters, 
chemical-specific input parameters, dose-response parameters, or 
incorrect equation programmi ng . (See Tab1 e 2 ,  "Cal cul at i on 
Troubleshooting," for examples.) 

NOTE: Six constituents, two from each toxicity category, is 
considered adequate since any error made in a spreadsheet 
for one chemical and exposure pathway will typically be 
repeated for all calculations throughout the column. 

7.3 PREPARING CLOSURE DOCUMENTATION 

RISK ASSESSOR 

1. Prepare an internal memorandum of the QA assessment identifying 
the form o f  analysis conducted and noting any deviations, 
exceptions, or variances (from step 2.a.3 of Section 7 . 1 ) .  

NOTE: The memo will report the results of the assessment in a 
table that presents a comparison of the calculated 
numbers versus those presented in the risk assessment. 
Separate assessments involving independent risk 
assessment calculations will be made for each report 
where significant revisions were made to the analysis. 

2. Attach a review record sheet to written responses. 

SENIOR TOXICOLOGIST 

3 .  Reviews the memorandum documenting the quality assurance 
assessment. 

a. If in agreement, inform Risk Assessor. 
k-#iJbALd5 
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TABLE 2 
~ 

CALCULATION TROUBLESHOOTING 

ERROR 
An e r r o r  t h a t  o c c u r s  f o r  o n l y  one 
c o n s t i t u e n t  and one r e c e p t o r  

An e r r o r  t h a t  o c c u r s  o n l y  f o r  one 
chemica l  b u t  f o r  more t h a n  one r e c e p t o r  

An e r r o r  t h a t  o c c u r s  f a r  more t h a n  one 
chemica l  f o r  more t h a n  one r e c e p t o r  

An e r r o r  t h a t  i s  d e t e c t e d  i n  t h e  r i s k  
c a l  c u l  a t i , ons  f o r  a p a r t  i c u l  a r  
c o n s t i t u e n t  b u t  n o t  t h e  i n t a k e  f a c t o r  

POSSIBLE PROBLEM 
T h i s  may be t h e  r e s u l t  o f  a 
t r a n s p o s i , t i o n  e r r o r .  T h i s  e r r o r  w o u l d  
n o t  n e c e s s a r i l y  be c o n s i s t e n t  f o r  b o t h  
t h e  i n t a k e  and c a l c u l a t e d  r i s k s  o r  
haza rd  q u o t i e n t s .  

T h i s  sugges ts  i t  i s  t h e  r e s u l t  o f  t h e  
use o f  a wrong c h e m i c a l - s p e c i f i c  i n p u t  
v a r i a b l e .  T h i s  e r r o r  wou ld  be 
c o n s i s t e n t  f o r  b o t h  t h e  u p t a k e  and 
c a l c u l a t e d  cancer  r i s k s  o r  haza rd  
q u o t i e n t s .  

T h i s  sugges ts  t h a t  e i t h e r  an i n c o r r e c t  
f a c t o r  was c o n s i s t e n t l y  a p p l i e d  o r  t h e  
i n t a k e  e q u a t i o n  was i n c o r r e c t l y  
programmed. This  e r r o r  wou ld  be 
c o n s i s t e n t  f o r  b o t h  t h e  i n t a k e  and 
c a l c u l a t e d  cancer  r i s k s  o r  haza rd  
q u o t i e n t s .  

T h i s  sugges ts  t h a t  a wrong dose- 
response  f a c t o r  was used. T h i s  e r r o r  
wou ld  n o t  n e c e s s a r i l y  o c c u r  f o r  o t h e r  
r e c e p t o r s  and i t  wou ld  be d e t e c t e d  b y  
t h e  i n t a k e  b e i n g  c o r r e c t  and t h e  
c a l c u l a t e d  r i s k  v a l u e  o r  h a z a r d  
q u o t i e n t  b e i n g  i n c o r r e c t .  

7.3 PREPARING CLOSURE DOCUMENTATION . ( c o n t . )  

SENIOR TOXICOLOGIST 

b. I f  n o t  i n  agreement, work  w i t h  R isk  Assesso r  u n t i l  
p rob lems a r e  r e s o l v e d .  
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7 . 3  PREPARING CLOSURE DOCUMENTATION ( c o n t . )  

MANAGER, ENVIRONMENTAL PLANNING 

4. Submi ts  memos t o  CRUS f o r  necessary  c o r r e c t i v e  a c t i o n ( s ) .  

8.0 APPLICABLE DOCUMENTS 
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c: File Record Storage Copy 106.4.11.6 

Attached i s  the approved Risk Assessment Procedure RASOP:94-1, "Performing Q A / Q C  
Checks on Risk Assessment Calculations," to be immediately implemented as 
described in the procedure. 

Risk Assessment File 3.1 
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